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Chapter I

INTRODUCTION

1.1 SCOPE OF THE REPORT

The present report summarizes investigations carried out by the
authors during the years 1973~1976 on the propagation of low frequency
pressure disturbances under Air Force Contract No, F19628-74-C-0065
with the Air Force Cambridge Research Laboratories, Bedford, Massachusetts,

The study performed was theoretical in nature,

The central topic of this study was the generation and propagation
of infrasonic waves in the atmosphere. The principal emphasis was on
waves from man made nuclear explosions although certain aspects of the
atudy pertain to waves generated by natural phenomena including, in

particular, severe weather.

Specific topics considered during the study include the following:

1.) The adaptation of the computer program INFRASONIC WAVEFORMS to
include leaking modes and to improve its accuracy in synthesizing early

g' | long period arrivals. (INFRASONIC WAVEFORMS is a digital computer program
s for the prediction of pressure signatures as would be detected at large

horizontal distances following the detonation of a nuclear device in the

atmosphere. The original version of this program was developed by Pierce
and Poseyl under a previous Air Force Contract [F19628-67-C-0217].) The
\ developed theory for this adaptation has already been explained2 in

. Scientific Report No. 1 of the present contract; the present report

: describes the numerical implementation of this theory (Chapter III),

and gives some specific numerical examples. The complete current version
of INFRASONIC WAVEFORMS is included here as Appendix A.

2,) The development of a ray acoustic model for the synthesis of higher

frequency portions of infrasonic waveforms. The theory developed during

e~ a - - - - S ——.
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this study is givend in some detail in Scientific Report No. 2 and a

discussion of this phase of the work is accordingly not repeated here,

3.) The modification of the multi-modal synthesis method to avoid
truncation of upper limits on frequency integration. The method develop-
ed is presented here in Chapter IV and represents an extension of the
W.K.B.J. technique to the case when the atmosphere has two sound channels.

The resulting theory clarifies the problem of selection of modes for in-

clusion into the synthesis and leads to a relatively simple method for
revising the synthesis program. (This revision, however, has not yet

been carried out.)

4,) Study of infrasonic waveform synthesis for propagation near and past
the antipodes, The method for doing this was briefly mentioned in the
1973 AFCRL report (pages 25 and 26) by Pierce, Moo, and Posey4 . In
Chapter V of the present report the theory underlying this is given and

some numerical examples are given.

In Chapter II, we list all of the reports, papers, and theses which
were written during the course of this study. The abstracts given there
plus the abstract of the present report should be considered as a compre-
hensive summary of the accomplishments during the contracting period. In
subsequent chapters of the present report, detailed discussions are given
of some of the topics described above. In Chapter VI, some recommenda-

tions are made for future work in the field.

1.2 BACKGROUND OF THE REPORT

The general topics of infrasound propagation, generation, and
detection have been of considerable interest to a large segment of the
scientific community for some time. A published bibliography (the
existence of which allows us to omit extensive citations here) lists
[Thomas, Pierce, Flinn, and Craine, 1971]5 over 600 titles, most of which
are directly concerned with infrasound. Literature pertaining to the
infrasonic detection of nuclear explosions constitutes a considerable
portion of these. Earlier work by Rayleigh [1890]6, Lamb [1908,1910]7,
G. I. Taylor [1929,1936]°, Pekeris [1939,1938]°, and Scorer [1950]%C,
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among others, which was concerned witch waves from the Krakatoa eruption
{Symond, 1888]1; and from the great Siberian meteorite [Whipple, 1930]12
is also directly applicable to the understanding and interpretation of

nuclear explosion waves.,

The present report thus merely summarizes a continuation of a small
number of facets of a lengthy pattern of research which has been carried
on by a large number of investigators in the past. In a more restricted
sense, the work reported here represents a continuation of work done in
three previous studies performed under contract for Air Force Cambridge
Research Laboratories. The first of these was Air Force Contract No.
AF19(628)-3891 with Avco Corporation during 1964-1966; the second was
Air Force Contract No. AF19628-67-C-0217 with t. » Massachusetts Institute
of Technology during 1967-1969, the third was AF19628-70-C-0008 (also

‘'with M,I.T) during 1970-1972., Summaries of the earlier work may be found

in the appropriate final reports by Pierce and Moo [1967]13, by Pierce
and Posey [1970]1 , and by Pierce, Moo, and Posey [1973]4 .

One of the principal results of the first two aforementioned pre-
vious contracts was a computer program INFRASONIC WAVEFORMS; the deck *
listing of the then current version of which is given in the report by
Pierce and Posey [1970]1. This program enables one to compute the ﬁ:es-
sure waveform at a distant point following the detoration of a nucléar
explosion in the atmosphere. The primary limitation on the, program's
applicability to realistic situations is that the atmosphere is assumed
to be perfectly stratified. However, the tempegéture and wind profiles
may be arbitrarily specified. The generaI‘theory underlying this pro-
gram is somewhat similar to that dev%loped by Harkrider [ 1964-]14 but difrers
from his in that it incorporates oackground winds and in that it has a

different source model for a nuclear explosion.
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Chapter II

PAPERS, THESES AND REPORTS

The following gives author, title, and abstract of papers, theses, and

reports written during the course of this project.,

2.1 A, D. Pierce, "Theory of Infrasound Generated by Explosions,"

Colloque International sur les Infra-Sons, Proceedings (Centre National

de la Recherche Scientifique (CNRS) 15, quai Anatole France, 75700 Paris,

September, 1973). .
A review is given of recent studies by the author and his colleagues
on infrasound generation by explosions and the subsequent propagation
through the atmosphere. These studies include (i) development of
computer programs for the prediction of pressure signatures at large
distances from nuclear explosions, (ii) development of an alternative
approximate model for waveform synthesis based on Lamb's edge mode,
(1ii) development of a geometrical acoustics' theory incorporating
nonlinear effects, dispersion, and wave distortion at caustics, and
(iv) theoretical models for the mechanisms of wave generation by
explosions. The basic theory is briefly ouf:liued in each case and
some of the more significant results are explained in terms of
simplified physical models. Such results include the predicted
dependence of far field waveforms on energy yield and burst height,
suggested techniques for estimating energy yield from waveforms,
and an explanation of amplitude anomalies in terms of focusing and

defocusing of horizontal ray paths.

2.2 W, A, Kinney, C. Y. Kapper, and A. D, Pierce, "Acoustic Gravity
Wave Propagation Post the Antipode," J. Acoust. Soc. Amer. 55, S75 (A)
(1974).

The previous theoretical formulations and numerical computations

-~

of pressure waveforms (such as described by Harkrider, Pierce, and
Posey, and others) apply only to atmospheric traveling waves which

have traveled less than l/i the distance around the earth., In the
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present paper, a technique resembling that previously introduced
by Brune, Nafe, and Alsop [Bull. Seismol. Soc. Am. 51, 247-257
(1961)] for elastic surface waves on the earth is discussed and
applied to the acoustic~gravity wave propagation past the antipode
problem. The principal modification to the vlder theory is a
shift in phase of m/2 to the Fourier transform of the wave after
it has traveled over halfway round the globe from the source. The
source of the wave is presumed to be a nuclear explosion of given
energy E. Numerically synthesized waveforms of antipodal arrivals
are exinibited and compared with those for direct arrivals. The
necessary modifications to the Lambmode model theory of Pierce and
Posey [Geophys. J. Roy. Astron. Soc. 26, 341-368 (1971)] are also
described.

C. Y. Kapper, "Leaky Infrasonic Guided Waves in the Atmosphere,"

J. Acoust. Soc. Amer. 56, S2 (A) (1974).

2.4
Modes

Prior theoretical formulations and computatioral techniques for

the prediction of pressure waveforms generated by large explosions
in the atmosphere have considered only fully ducted modes. Ia the
present paper, a technique for including weakly leaking guided

modes in concert with fully ducted modes is developed. Modification
of previous theory includes the extension of the boundary condition
at the upper halfspace to include a complex horizontal wavenumber.
The major alterations to the computer program Infrasonic Waveforms
(as described in report by Pierce and Posey, 1970) incurred comsist
of the computation of the imaginary part of the newly incorporated
complex wavenumber, extension of the normal-mode dispersion function
to lower frequencies, and a second-order correction factor to the

phase velocity.

W. A. Kinney, "Asymptotic High-Frequency Behavior of Guided Infrasonic
in the Atmosphere,” J. Acoust. Soc. Amer. 56, S2 (A) ( 1974).
Refinement of previous theoretical formulations and numerical compu-
tations of pressure waveforms as applied to atmospheric traveling
infrasonic waves could include a description of their asymptotic
behavior at high frequencies. In the present paper, calculations based

on the W.K.B.J. approximation and similar to those introduced by
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Haskell [J. Appl. Phys. 22, 157-167 (1951)] are performed to describe
the asymptotic behavior of infrasonic guided modes as generated

by a nuclear explosion in the atmosphere. The results of these cal-
culations are then matched onto numerical solutions which have been
given by Harkrider, Plerce and Posey, and others. It is demonstrated
that the use of these asymptotic formulas in conjunction with a
computer program which syuthesizes infrasonic pressure waveforms

has enabled the elimination of problems associated with high-
frequency truncation of numerical integration over frequency. In
this way, small spurious high-frequency oscillations in the computer

solutions have been avoilded.

C. Y. Kapper, Computational Techniques in Infrasound Waveform Synthesis,

(December, 1974).

2.6

This thesis is concerned with two major theoretical and programming
modifications to the digital computer program INFRASONIC WAVEFORMS
for the synthesization of acoustic-gravity pressure waveforms generat-
ed by large explosions in the atmosphere. The first modification
involves the extension of the gulded mode approximation for pressure
waveforms in the atmosphere into leaking mode regions and a conse-
quent search for the imaginary part of the complex horizontal wave
number, Particular results include a plot of phase velocity versus
angular frequency showing the extension of the normal mode dispersion
function into a leaky mode regiua for a multilayer atmosphere and a
report on the search for the imaginary part of the complex horizontal
wave number of a leaky mode for a two layer atmosphere. The second
modification involves the extension of the systhesis of acoustic-
gravity pressure waveforms to distances beyond the antipode. A

phase shift is noted for waves passing through the antipode and

a comparison of pre and post antipodal waveforms is presented.

W. A. Kinney, A. D, Pierce, and C. Y. Kapper, "Atmospleric Acoustic

Gravity Modes Near and BRelow Low Frequency Cutoff Imposed by Upper Boundary
Conditjons," J. Acoust. Soc. Amer. 58, S1 (A) (1975).

Perturbation techniques are described for the computation of the

imaginary part of the horizontal wavenumber (k;) for modes of
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propagation. Numerical studies were carried out for a model
atmosphere terminated by a constant sound-speed (478 m/sec) half
space above an altitude of 125 km. The CR, and GR1 modes have

lower-frequency cutoffs. It was found that for frequencies less

than 0,0125 rad/sec, the GR, mode has com)lex phase velocity; kI
varying from near zero up to a maximum of 3 X 104 11 with -
analogous results for the GR0 mode. There is an extremely small

frequency gap for each mode for which no poles in the complex k

plane corresponding to that mode exist. These mark the trausition

from undamped propagation to damped propagation. In the complete

Fourier synthesis, branch line contributions compensate for the

absence of poles in these gaps. Computational procedures are

described which facilitate the inclusion of the low-frequency

portions of these modes in the waveform sysnthesis.

2.7 A. D. Pierce, and W. A. Kinney, Atmospheric Acoustic Gravity Modes

at Frequencies Near and Below Low Frequency Cutoff Imposed by Upper

Boundary Conditions, Report AFCRL~TR~75-0639, Air Force Cambridge Research

Laboratories, Hans:om AFB, Mass. (March, 1976).
Perturbation techniques are described for the computation of the
imaginary part of the horizontal wavenumber (kI) for modes o pro-
pagation, Numerical studies were carried out for a model atmosphere
terminated by a constant sound-speed (478 m/sec) half space above
an altitude of 125 km. The GRO and GRl modes have lower-frequency
cutoffs, It was found that for f{requencies less than 0.0125 rad/sec,
the GRl mode has complex phase velocity; kI varying from near zero
up to a maximum of 3 X 1674 km~L with analogous results for the GR
mode. There is an extremely small frequency gap for each mode for
which no poles in the complex k plane corresponding to that mode exist.
These mark the transition from undamped propagation to damped propa- X
gation. 1In the complete Fourier synthesis, branch line contributions
compensate for the absence of poles in these gaps. Computational
procedures are described which facilitate the inclusion of the low-

frequeacy portions of these modes in the waveform sysnthesis.

2,8 A. D. Pierce, and W. A. Kinney, Geometric Acoustics Techniques in
Far Field Infrasonic Waveform Synthesis, Report AFGL-TR-76-0055, Air




-13-

Force Cambridge Research Laboratories, Hanscom AFB, Mass. (1976).
A ray acoustic computational model for the prediction of long
range infrasound propagation in the atmosphere is described.
A cubic spline technique is used tc approximate the sound speed
versus height profile when values of sound speed are input for
discrete height intervals. Techniques for finding ray paths,
travel times, ray twning points, and rays connecting source and
receiver are described. A parameter characterizing the spreading
of adjacent rays (or ray tube area) is defined and methods for its
computation are given. A method of determining the number of times
a glven ray touches a caustic is also described. Formulas are given
for the computation of acoustic amplitudes and waveforms which
involve a superposition of contributions from individual rays
connecting source and receiver and which incorporate phase shifts
at caustics. The possibility of a receiver being in the proximity
of a caustic is considered in some detail and distinction is made
between cases where the receilver is on the illuminated or shadow
sldes of a caustic. It is shown that a knowledge of parameters
characterizing two rays at a point in the vicinity of a caustic
provides sufficient information concerning the caustic to allow
one to give a relatively accurate description of the acoustic field
in its vicinity. The resulting theory involves Airy functions and
uses concepts extrapolated from a theory published in 1951 by
Haskell, The net result is a detailed computational scheme which
should accurately cover the contingency of the receiver being near
a caustic in the calculation of amplitudes and waveforms. A number
of FORTRAN subroutines illustrating the method are given in an
appendix. Limitations of the theory and suggestions for future

developments are also given,
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Chapter III

NUMERICAL SYNTHESIS OF WAVEFORMS

INCLUDING LEAKING MODES

3.1 INTRODUCTION

The computer program INFRASONIC WAVEFORMS has been modified to
allow inclusion of the contribution at low frequencies from leaking
modes (specifically the GR0 and GRy modes) to numerically synthesized
infrasonic pressure waveforms, The procedure incorporated in this
modification involves a partly manual calculation of the imaginary and
real parts of the horizontal wavenumber, kz and kR, respectively) as
discussed in Scientific Report No, l.2 That calculation is outlined
in more detail here. The numbers presented for illustration are appro-
priate to the case of observations at 15,000 km distance from a 50
megaton explosion, where the explosion is at 3 km altitude, and where
the atmosphere is assumed to contain no winds. (This restriction is just

for illustrative purposes, but is not a limitation on the method.)

3.2 CALCULATION OF COMPLEX WAVENUMBERS

The first step in the calculation is to obtain values for the phase
velocities vn(w), va(w), and vb(w) for the GR0 and GR1 modes, and to
obtain values for the elements Rll(w,v) and Rlz(w,v) of the transmission
matrix {R]. These calculations should be done, in particular, for all

frequencies extending below the mode's nominal lower cutoff frequency.

As mentioned in the previous report2 R Rll and R12 depend on the atmos-
pheric properties only in the altitude range 0 to Zp (the bottom of the
upper halfspace), and these are independent of what is assumed for the
upper halfspace. Also, vn(w) is the phase velocity for a given (n-th)
mode for values of w greater than the lower cutoff frequency w, ; here

va(m) and vb(w) are values of the phase velocity w/k at which the functions

S p

’
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R11 and Rlz’ respectively, vanish. For a given mode, the values of Va
and vy chosen are those from the curves va(w) and vb(w) which lie the

closest of all such curves to the curve vn(w) for w>wL.
As regards the calculation of R11 and R12’ the computer program

INFRASONIC WAVEFORMS may be used, only with an alterprate version of the

subroutine TABLE. A copy of subroutine TABLE with the appropriate

modifications incorporated and indicated is given in Appendix B, A

deck listing of all of the input data that is required to obtain R11

and R12’ and that is appropriate to the running example, follows in

Fig. 1., Values for Rll and R12

velocities between, say, 143 and 0.3318 km/sec, and for frequencies

need only be calculated for phase

between 0,001 rad/sec (as close to zero as would seem necessary and
corresponding to a period of 6,283 sec or 1.75 hr) and the value of Wy
for the upper halfspace (.0128 rad/sec in our numerical example). 1In
the calculations reported here, the upper frequency was taken as .03l
rad/sec in order to confirm the continuity of the dispersion curves.
and R

A sample portion of the printout of R corresponding to the

11 12
model atmosphere of Fig. 2 is given 1n Fig. 3 . The same set of out-
put from a computer run which lists the R11 and R,, also includes the

12
vn(w) for the GR, and GR1 modes,

0
Values of va(w) and vb(w) for these modes are obtained by two
successive runs of INFRASONIC WAVEFORMS using in sequence two modified
versions of the subroutine NMDFN, These modifications are so minor
that the deck listing is omitted and we describe here the nature of

the modifications.

To obtain va(w), one need only change the third from end execut-
able FORTRAN statement of subroutine NMDFN from

FPP = RPP(1,1)*A(1,2) - RPP(1,2)*(GU + A(1,1)) (3.1)

to

il

FPP = RPP(1,1). (3.2)
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$NAML NSTART=1, NPRNT=1, NPN(H=-1, NCMPL=-1 $END

SNAM2 IMAX=24,

z1=1,,2.,4.,6.,8,,10.,12.,14,,16.,18.,20.,25.,30.,35.,40. ,45.,55.,
65.,75.,85.,95.,105,,115.,-25.,

T=292,,288.,270.,260.,249.,236.,225.,215.,205.,198.,205.,215.,227.,
237.,249.,265.,260.,240.,205.,185.,184, 200, ,250.,400.,570.,

LANGLE=1,

WINDY=25%0,0,

WANGLE=25%0,0

$END

$NAM4

THETKD =35.,

h V1 = 0,143, V2 = 0.3318,

E' 1 M1 = 0,001, @M2 = 0.031,
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N@MI = 30, NVPI = 80,

MAXMZD = 10
3 $END
n §NAML NSTART=6, NPRNT=1, NPNCH=-1, NOPL=-1 $END

$
=
Ec,
1
-3
LY
e :
3
3
] ' Hgure 1. Listing of input data required to generate tabulations of R11
< t‘ 1
3 ! and R, versus phase velocity and angular frequency in the

vicin%%y of the dispersion curves for the(;Ro andGRl modes,
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Figure 2, Model atmosphere showing sound speed versus altitude for numer-

ical example treated in the present chapter.

The atmosphere is

bounded by an isothermal upper half space beginning at 125 km

altitude.
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OMEGLA=

e14300+00
«14539+00
«14773+00
«15G17+09
15256400
015495400
.15734+00
015973+00
16212400
016451400
«166904+00
016929+00
17168400
«17407+00
17646400
«17685+00
¢18124+409
018363+00
18602400
18541400
«19080+00
+19319+00
¢19558+00
19797400
020036+00
020275+00
020514400
«20753+00
020992400

Sample printout of R
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Ri1

«20928~02

.21671401
“v72963~01
-+19992401
~o 3441549
~‘“3203+01
- 406320401
—.4“356+01
~-,38270+01
~e29260+01
"018579+01
"o7“204+00

31761400

012376+01

019579+01

24418401

0267Q6+01

026605+01

284195401

019834493

« 1391740y
" +68860409
~+80574-01
~«B87165400
~e16847401
~e236374.01
-029996+01
-e 35295401
-e 39379491
-e421548+90]

and R

fixed value of angular frequency,
the input data of Fig. 1.

R

“065152+02
~,22523%92
.16898t02
<49335+02
. 72532%02
«65619+02
.88833+02
«83475+02
¢ 71114402
«93814+32
e J3657+1]2
.12611+02
~e 75995+01
~.25568+02
~,40247+32
-,50052+02
~e57340+02
-059371+02
~,57251%02
-05142q+02
“.“2021+02
~,30906t+02
"017582+02
-031561+Ol
«11690+02
«26326+02
40193+92
.52832+02
.63549+92

versus phase velocity for a
Output generated with
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To obtain vb(w), one need only change the same statement to

FPP = RPP(1,2). (3.3)

The same limits for phase velocity and angular frequency as are used for
the calculation of R11 and R12 should be used in the calculations for Vo
X and Vi In our example, when these limits are used, the GRl mode
corresponds to mode #3, and the GRo mode corresponds to mode #4 for the
case when vn(w) is calculated. For the cases when va(m) and vb(w) are

calculated, the GR, mode corresponds to mode #4 and the GR, mode corre-

sponds to mode #6.l A sample output listing of vn(w), va(mg and vb(w) for
the two modes is given in Fig. 4. An additional listing of vn(w),
va(m), and vb(w) for the two modes versus various values of w is given

in Table 1.

3.3 CALCULATION OF o AND B

The next step in the procedure is to manually calculate values for
the variables a and B which enter into an approximate version [Eq. (9) in
Scientific Report No. 1] of the eigenmode dispersion function., These

parameters represent the partial derivatives of Rll and R12’ respectively,

with respect to phase velocity v evaluated at V=V, and VIV respectively.
Since Rll and R12 also depend on w, a and B may be considered as functions

of angular frequency (but not of phase velocity).

It may be recalled that va(w) and vb(w) are values for the phase
velocity at which R11 and R12’ respectively, vanish, From the listing
of, say, R11 versus v and w, let the adjacent values Rlll’ R21l’ R311 and
R411 for R11 corresponding to the values for phase velocity Vi10 Vo10 Va3

and AT respectively (for some chosen w), such that v,., and Vay brackett

21

R211 and R311 would then be of opposite sign. In the

listing of v, Rll’ R12 for various w, the values for v should all turn

a value for va;

out to be equally spaced. Given this fact, it is possible to reasonably
approximate o from the listings of Rll by the formula

a = (l/Avl)([5/6]ell+[1/12]f11+[1/4]g11hll) (3.4)




. o

w Vh
« 012375 +311856n8
«013407 +31181806
~O1UB3R 33177597
«015160 431172882
016501 «31167509
017532 31161209
«018563 +31153394
«0190170 31148010
«019n79 431148516
«019%95 +31142505
+019n53 311358841
+020111 431134515
L020A2h +311224R0
«N21A5R 431029529
J021A50 31029116
022005 «30790129
022130 30551142
02273 30475278
.0222un 30312155
022720 ,30073168
<022u12 ,29834181
+022490 02959510“
+ 22566 229356207
LN22639 29117220
« 022689 « 28948366
«022710 «PRB78233
« 022779 + 28639246

+022RU6 28400259

$ 022012 28161272

W Vn
+N13007 22781499
«013A24 0?260“568
014040 22425580
JN1UU2Y «22186593
oNIUUZA 221775206
2014778 0219“7606
« 015107 21708619
JO15U413 021“69631
v015u69 21423833
015699 421230644
+0159%6 +2n991657
016217 «20752670
.016“53.20513632
016807 +20u63309
«016ATH «2N274H285
+016R86 «20035708
+017085 «19796721
017274 + 19557733
+017054 «19318740
+N17532 19211887
« 017626 « 19079759
.017790 18840772
LO170u46 18601784
« 018096 11362797
.01824n 18123810
L 01B%7R +17884823
t018“1n.176Q5836
0018R63ol75“7997
.oxasss.x7uoeeu0

0

'GR0 MODE

w LA
.001030 ,31205939
<002051 31205552
.003093 ,31204906
L004124 (31204001
L005156 31202834
«006187 (31201405
L00721R 431199710
+008250 431197748
.009281 431195515
+010%12 31193006
L0113u8 (31190215
«012375 31187139
.013007 ,31183768
L01483R (31100093
+015169 031176104
L016501 431171786
JN17532 431167120
+018563 031162087
.01959% 431156653
<020A26 ¢31150781
<N21AGA ¢31144415
+022A89 31137478
.023720 431129855
<024752 431121368
025783 31111721
L026R14 031100382
+027TR46 431086276
«028ATT 431066848
«029°02 , 31034189

GR, MODE

1

W va
001030 ,24434330
0021061 ,24409612
«003093 , 24367787
«003A5%5 ,2u337u78
«00u124 ,24307807
+ 005156 ,24228453
«006187 ,24127431
« 006445 24098491
«00721R 24001984
«00A18Y 23859504
«00825n0 ,23848240
« 009281 (23660913
« 009879 23620517
«N10312 ,23432748
«010%18 (23331529
«N117344 ,23153720
011381 231420042
«N1211% 229003575
«N12775 ,22809942
.‘)1275? . 2260“5()8
+013311 , 22425580
«013807 22301942
«013P0° ,22186H93
L014255 ,21947600
+N1HU3A 21842295
014659 ,21708619
015027 21469631
015764 «212300644
«015069 21151653

w Vb

«001030 ,31209836
«002061 31209447
003093 [31zca799
L0UB12% 31207393
005156 ,31ea6727
.00618% 431205303
007218 ,31203520
20008250 ,31231679
009261 ,31199478
0010312 31197016
+0113u4 43104291
JU12375 431191392
L013407 31128008
016438 ,311B4518
.015“69‘03110071m
016501 431176630
«017532 ,31i72258
018563 31167591
.019595 ,31162620
LU020026 431157334
.021658 431151721
.02268Y 31145763
,023720 .311394u4
L026752 31532738
2025783 +3112045619
,026814% 431118049
2027846 3110994
L, 028877 +3110135n
+029909 3106921314

w Vb

2001030 (25073045
0001738 .Zbosuuuo
.002061 e 25uy2lny
+003093 , 24495059
L00U128 J2u8 07
,0051 35 +280)5996
0051060 (2Ubyyug3
L006187 (24530257
o00§96602“b76N66
»007218 (24535036
‘.0082500243ub1n2
L0082935 243374y
_0009281 24118333
1,009362 +2U40G9gun]
*.010260 23050500
0010312 238414340
,01103% (23620517
L011344% ,2351u4877
011712 ,23311529
L01231% ,23142542
.012055 ,22903545
01334 22064568
0013407n22652580
L013790 ,22424580
,014199 22116593
L014438 ,22036670
,014575 , 21947606
,014222 ,217068619

Figure 4. A sample output listing of v (w), v_(w), and v, (w) for the
G R, and G R, modes. n a b
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where
Bvy = V41 = V31 S V31 T Va1 Va1 T Vn (3.52)
1 = Fa11 ~ Ropg (3.5b)
11 = R4a1 7 Reyp Y Ryyy "R (3.5¢)
811 = Ropp = Ryppd/eqy @3.5d)
By = Ra11 * Ropn " Runn - Ry 3.5e)

In like manner, from the listing of R,, versus v and w, if one lets the
12

adjacent values R112’ R212, R312, and R412 for R, , correspond to the

12
values for phase velocity Vigs Vogs V3o and Voo respectively (for some

chosen w), such that Voo and v,, bracket a value for v then one can

32 b?

approximate 8 by the formula
B = (l/sz)([5/6]e12 + [1/12]f12 + [l/4]g12h12) (3.6)

where Av2, €95 f12’ 8799 and h12 are defined by equations analogous to
Eqs. (3.5) (last subscript changed from 1 to 2).

Because we use a numerical method (i.e., that described above) to
calculate a derivative (it would be preferable to have an explicit formula),
there is a small amount of numerical noise in the tabulation versus w of o
and B computed in the above manner. This noise is noticable only for the
GR1 mode and may for all practical purposes be fiitered out by plotting o
and B versus w and then drawing smooth curves through the respective sets
of points, (See Figs. 5 and 6.) While this procedure is somewhat labori-
ous, it circumvents doing additional runs of the program to get values of
Rll and Rl2 at more closely spaced values of phase velocity. It also cir-

cumvents a somewhat elaborate computer programming chore which would do

e T Y N T R P T T T L s A A T < Mt e '3&'279‘,&4. AR P S s
Ry TS EEROREIR L iy o ey e T TP g s PEY Ly E LT R T TR ;
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such steps automatically. (We suspect that the programming time would

surpass all time which would ever actually be spent on manual circula-

tions such as described above.) In any event, in view of the relatively

small values cof kI which are actually obtained (as described further -
below) and in view of the recommendations (also given further below)

conccrning the use oi the same kI in many different types of caiculations, -,

the accuracy of the o and R so obtailned is more than sufficlent.

3.4 CALCULATION OF COMPLEX PHASE VELOCITY

The applicable expression for calculation of a mode's phase velocity
(real above cutoff frequency, complex below) is Eq. (10a) in Scientific
Report2 No. 1 (which for brevity is not repeated here). This involves
parameters v and vy (whose computation is described in Sec. 3.1), and
X, which may be considered as a function of w and which is defined by
Eq. (10b) in the prior report. This latter quantity X depends on 8/a,
All’ G and A12'
city as v, and using Egs. (4), (7a), and (7b) of the prior report.

The latter three are computed by taking the phase velo-

These calculations are straight forward, and do not require detailed
explanation. Listings of G, All’ A12’ and X for various values of w
and for the GR1 and GR0 modes are given in Table 1.

As explained in the prior report, below cutoff (that is, below W, =
0.0125 rad/sec for GR1 and below w = 0.0118 rad/sec for GRO’ in the run-
ning example) the real part kR of the horizontal wave number is the real part
(l), and the imaginary part kI is the imagimary part of w/v(l).

of w/v

Finally, the extension by first iteration of the normal mode dispersion

curves below cutoff is obtained by simply calculating w/kR. Listings of
¢))

v, kI’ kR’ and w/kR for various w for the GR0 and GR1 modes are given in

Table 1. Plots of kI and m/kR are given in Fig. 7.

at

3.5 INPUT DATA FOR GR0 AND GRl ]

The present version of INFRASONIC WAVEFORMS allows for the possibil-
ity of phase velocity w/kR, imaginary component kI’ and source free ampli~-

tude AMP to be input as functions of angular frequency w for any given
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GR, .MODE

. A G

® Va Vb « 8 11 A2
0.001030 0,31205939 0.31209836 957.1 -2648.5 0.07064925 =-1,3492340 0,028617464
0.005156 0.31202834 0.31206727 917.4 =2783.7 0.07066928 -1.3497015 9.,025859574
0.008250 0.31197748 0.31201679 854.9 -2988.2 0,07070210 =-1,3504677 0.020599494 -3
0.011344 0.31190215 0.31194291 767.9 =3254.2 0.07075075 -1,3515959 8.16470 x 10 "1

k k

W X kI » R 3 w/ R
0.001030 0.14489848 + 0,058693144 3.29323 x 10_7 3.3007'x 10 0,31205300
0.005156 0.15887128 + 0,058134774 1.68605 x 10_7 0.0165355 0.31202121
0.008250 0.18298964 + 0,053315144 2.65003 x 10_7 0.0264444 0.,31197553
0.011344 0,22182228 + 0,025598514 2.00717 x 10 0.,0363822 0.31189059

\ GR, HODE .
G

w Va b « B A Ay9
0.001030 0.24434330 0,25073465 87.4 =3578 0.13415774 -2,.8317742 0,043592494
0.005156 0,24284530 0.,24815908 87.8 -=3633 0,13695917 -2,.8971705 0.0403084914
0.008250 0.23848240 0.24346182 80,6 «3770 0.14232483 -=3.0224265 0,033973044
0.011344 0.,23153728 0.23514877 100.0 -4l44 0.15281704 -~3,2673565 0.019880611

w X kI kR w/kR
0.001030 1.9394832 + 0.630205181 4.,96794 x 107; 4.0319 x 107> 0.25546528
0.005156 1,9560589 + 0.57569611f 2.19268 x 10_4 .0.0204383 0,25269766
0.008250 1.,9813366 + 0.472946441 2.67086 x 10_4 0.0333205 0,24759561
0.011344 1.9381840 + 0.,252146541 2.05014 x 10 0.0474121 0.23926355

Table 1.

Tabulation of frequency dependent parameters for the GR0
and GR, modes. Tabulation is for frequencies below
cutoff; definitions of the various quantities are given
in the text and in Scientific Report No. 1.
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Numerically derived plots of phase velocity w/k_ and of the
imaginary part k. of the complex horizontal wavenumber k ver-
sus angular frequency w for the 3R, and 5 R, modes, Nominal
lower frequency cutoffs for these modes are as indicated.
Note that kI is identically zero above the cutoff frequency.
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25 I mode. The only modes for which this is necessary are GRO and GRl' This
] 1. input data is partly obtained by the procedure described above. Here

we describe how the remaining portion of the input data is obtained.

To obtain values of phase velocity and source free amplitude at
- ‘ frequencies above cutoff one uses the current version of INFRASONIC

5 X : WAVEFORMS with the variable NCMPL of NAMELIST NAM51 set less than zero.
' This gives an output essentially identical to what would be obtained
with the original version of the program. The input data for this run

would be the same as if one were computing waveforms without considera-

e

tion of leaky modes. A sample listing of such input data is given in

3 Fig. 8. The run will give mode numbers and tabulations of phase velo-
city VPHSE and amplitude AMP versus angular frequency OMEGA for the GR0
and GRl modes at frequencles above cutoff. The only output which need

be retained for future use are the tabulations of VPHSE versus OMEGA for
these two modes, since amplitudes at frequencies above cutoff are comput-
ed automatically in the run which utilizes this information as input data.
A sample tabulation of the pertinent output (for the running example

considered here) is given in Fig. 9.

Input data of phase velocity VPHSE and amplitude AMP for frequen-
cies below cutoff are obtained by a second run of the program, again

with NCMPL < 0, only with the original model atmosphere replaced by one

TEE W’%w
v

which has a thick intermediate layer plus on upper half space replacing

the original upper half space. Thus, in the NAM2 input 1list, IMAX is
increased by one, the original ZI and T are unchanged, but one adds a

: ZI for the new value of IMAX which is, say 100 km larger than the largest
ZT for the original model atmosphere; the temperature T for the new IMAX

8 + 1 layer (i.e. for the new upper half space) is set equal to an arbitrarily
S very large value (say, 2x107 OK). Doing this will artificially shift the

: cutoff frequencies for GRO and GRl down to values which are, for all

4 practical purposes, equal to zero. The input data for this run should

include choices of angular frequency and phase velocity limits (V1, V2,

?‘ OM1, and OM2 of NAM4) which are appropriate for an exploration of the

i properties of GRO and GR1 at frequencies below their original cutoff frequen-

] 1 cies., It is imperative that OM2 not be too large since INFRASONIC WAVEFORMS will

a : - e e T
. b Py " X A i PR R 1] ﬁ\A..\,vluf.‘“ o~ xa e I s, - e
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$NAML NSTART=1, NPRNT=1, NPNCH=-1, NCMPL=-1 $END )

$NAM2 IMAX=24,

z1=1.,2.,4.,6.,8.,10.,12.,14.,16.,18.,20.,25.,30. ,35.,40, ,45,,55.,
65.,75.,85.,95.,105.,115.,125.,

T=292.,288.,270.,260.,249.,236.,225.,215.,205.,198.,205.,215.,217.,
237.,249.,265.,260. ,240, ,205. ,185.,184.,200.,250. ,400.,570.,

LANGLE = 1,

WINDY = 25%0.0,

WANGLE = 25%0.0

$END

$NAMA

THETKD = 35.,

Vi = 0.15, V2 = 0.495,

¢ML = 0.005, M2 = 0.1,

NOMI = 30, NVPI = 30,

MAXMOD = 8

$END

$NAM6  ZSCRCE = 3.0, Z¢BS = 0.0 $END

$NAM8 YIELD = 50.E3 $END

$NAMIO R¢BS = 15000.,

TFIRST = 46,2E3, TEND = 52.2E3,

: DELTT = 15.,
1 I¢pT = 11,
: $END

- $NAML NSTART=6 $END

Figure 8, Input data to obtain phase velocity versus angular frequency

above cutoff frequency for theG R0 andGRl modes.,
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GRy MODE

OMEGA \'/

n
«01432753¢ 033473834
e 01840552 31127707
eG1723 343 031152330
eUleld Tus « 31357130
e oat3224. e 3115035%E
0133932:2¢2 313148787
0 J3i979.34 RS SN
«d2137 332 o 3407C312
«J2154 03 «3150i 346
ed2a78379¢ «3{¢802¢2¢
0J22323¢82 «3uf0dSlt
eJééitjse « 30814224
«3221443% 30535871
«d22iotct « 30502694

«J22r77EL
«J2¢19823
022208756
e 022233¢7
«022295%4
« 02239372
«02259738¢
« 02233273
«0233172¢4
«023242¢%¢
0 G23537¢€¢
«023413¢¢
02455701
«u243253b
0 J24533¢€¢
02405317
« 02434743
« 02438335
e 02512335
«0252063¢€2
«025423¢€2
«J2558111
«d28¢€0527
«02875227
« 0625430793
« 02613807

Flgure 9.

«3CLEESLT
o 3€L3EC3E
«303911¢€4
«203183%¢C
+331681L3
+2S87C6S0
28275382
28386207
W 2777.EEE
«2€8%85%¢
+cZilto327
« 24517241
e 332758€

«1ECEBCEE
e17C7413¢
«1737S3.¢C
e1€7844383
+1E4B70EC
«1E18¢CHEE
+31856GL42¢
+i80C00CC

Sk TR
GR; MODE
OMEGA A
e 0148275¢ 021913€C1%
. 0185125 20S4827¢
ed1lc4o5E2 +c§53028¢
«317:1538 19752821

OCI7254“3
«317350%3
«017355¢3
« 0183345
eU18323E¢C
e 01805252
e018322643
«0183515¢
«01839212
«019227¢€2
+01G332¢8
«J1C485¢y
«51€73352

«1CSh4ce1
11637923
+18568¢S¢E¢€
018355434
+17C7413¢
«1737¢313
«1€8447T4LE
«1€784483
«1€487066¢
+1€18¢835
«1E8C53747
+1£294828
«1533004 1

Sample output of phase velocity versus angular frequency at
and G Rl modes corres-

frequencies above cutoff for the(;RO
ponding to the input data of Fg. 8.
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encounter numerical difficulties at higher frequencies when the height
of the upper halfspace is as high as considered here. (If it were not
for this fact, this run could be used to generate essentially the same
information as in the previous run.) For comparison, Fig. 10 indicates

the types of atmospheric profiles used in the two runs with NCMPL < O,

The second run gives values for the source free amplitudes AMP and
phase velocities VPHSE for the GRO and GR1 modes for frequencies below
cutoff. The latter of these are expected to be virtually identical to
the w/kR which are obtained by the method described in Sec. 3.4. Also,
the source free amplitudes are expected to match on smoothly to those
obtained from the prior run for high frequencies even though the two
model atmospheres are not identically the same. (This is because the
energy transported by the GR0 and GRl modes 1s predominantly in the
lower atmosphere.) Furthermore, we expect these amplitudes to be virtual-
ly the same as would be obtained by the modified residue method described
in Scientific Report No. 1 for the original model atmosphere. The actual
amplitudes should have a small imaginary part, but in view of the rela-
tively small values of the kI (less than 10_3 nepers/km) obtained, we
are confident that this imaginary part may be neglected to an excellent
approximation. The only aspect of the leaking phenomena which conceiv-
ably could be of significance is the accumulative exponential decay
represented by the factor exp(-kIr), which is retained in subsequent

calculations.

Sample input data for this second run with NCMPL < 0 are given in
Fig. 11; a listing of the output values for OMEGA, VPHSE, and AMP below
the original cutoff frequencies for the GRO and GRl modes of the running
example is given in Fig. 12,

3.6 WAVEFORM SYNTHESIS

The final step in the waveform synthesis is to run the program
INFRASONIC WAVEFORMS with input data including the information concern-
ing the GR0 and GR., modes computed as described in the preceding two

1
sections. The essential difference between this run and the first such




e i 9

Caat X' bt i

L5

ANV

P

-31-
A 230
>
200}
150}
- 100} ~ 100}
£ £
w W
o Q
2 =
o =
o i
< 50L < 50}
260 340 320 500 260 340 320 560
SOUND SPEED (m/sec) SOUND SPEED (m/sec)
(o) (b)
Hgure 10, Two model atmosphere profiles; the first is the same as in

Fig, 2; the second has the original upper halfspace replaced
by a layer of finite but large thickness with a halfspace
above it of extremely high temperature and sound speed,
Second atmosphere is used to generate phase velocities and
source free amplitudes at frequencies below nominal cutoff

frequencies.
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$NAML NSTART=1, NPRNT=1, NPNCH=-1, NOMPL=-1 $END

$NAMZ IMAX=2S,

z1=1.,2.,4.,6.,8.,10.,12,,14.,16.,18.,20,,25.,30.,35.,40. ,45.,55.,
65.,75.,85.,95.,105.,115.,125.,225.,

T=292.,288.,270.,260.,249,,236.,225.,215.,205,,198,,205.,215.,227.,
237.,249.,265.,260.,240.,205.,185.,184,,200.,250,,400.,,570.,2.E7,

LANGLE=1,

WINDY=26%*0.0,

WANGLE=26%0,0

$END

$NAM4

THETKD= 35.,

Vi =0,18, V2 = 0.34,

¢M1 = 0.001, M2 = 0.02,

N¢MI = 30, NVPI = 30,

MAXMAD = 8

$END

$NAML NSTART=6 $END

Figure 11. Input data to obta n phase velocity and source free amplitudes
below nominal cutoff frequencies for t:heGR0 and G Rl modes.,
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GRO MODE GR1 MODE

OMEGA  VPHSE AMP OMEGA VPHSE AMP
.00100 .31206 -.03102934 .00100 .28308 -.00003660
.00166 .31205 .03101968 .00166 .28237 -.00003722
.00231 .31205 .03100520 .00231 .28129 -.00003831
.00297 .31205 .03098589 .00297 .27983 ~-.00004009
«00362 .,31204 .03096170 .00317 .27931 -.00004082
.00428 .31203 «03093260 .00362 .27797 -.00004295
.00493 .31203 .03089855 .00428 .27567 ~-,00004754
.00559 .31202 .03085951 .00473 .27379 ~-.00005235
.00624 .,31201 .03081546 .00493 .27289 -.00005510
.00690 .31200 .03076637 .00559 .26958 ~.00006819
.00755 .,31198 03071222 .00582 .26828 -,00007507
.00821 .,31197 .03065299 .00624 .26569 -.00009291
.00853 .,31196 03062146 .00668 .26276 -.00012320
.00886 .31196 .03058865 00690 .26116 ~-.,00014672
.00952 .31194 +03051919 .00740 .25724 -.00024331
.01017 .31192 « 03044457 .00755 .25598 ~.00029422
.01083 .31190 =-.03036475 .00805 .25172 -.00063749
01148 ,31188 =.03027970 .00821 .25040 ~-.00084929
.01214 .31186 .03018936 .00853 .24780 ~-.00156605
.01279 .31184 .03009365 ,00878 .24621 -,00225436
01345 .31182 002999249 .00886 .24571 -.00248871
.01410 .31179 +02988574 .00937 .24345 ~-,00335025
«01476 .31176 «02977324 .00952 .24292 -,00346229
«01541 ,31173 +02965474 .01017 .24075 -.00365399
.01607 .31170 +02952988 .01019 .24069 -.00365562
01672 .31166 +02939809 01083 .,23860 -.00365194
.01738  .31162 .02925846 .01148 .23628 -.00358599
.01803 .31158 -.02910932 01178 .23517 -.00354504
.01869 .31152 -.02894743 .01214 .23372 -.00348656
.01934 .31146 -.02876557 .01279 .23084 ~-,00336176
.02000 31136 ~-.02854424 01304 .22966 -.00330833
.01345 ..,22758 " ~-,00321275
+01406 .22414 -.00305033
01410 .22387 -.00303760
.01476 .21961 -.00283239
.01490 .21862 -.00278409
.01541 .21469 -.00259141
01561 .21310 -.00251310
01607 .20895 -.00230706
.01621 .,20759 ~-.00223902
.01672 .20220 -.00196998
01674 .20207 -.00196321
01720 .19655 -.00168722
.01738 .19420 -.,00156992
.01761 .19103 -.00141297
.01798 .18552 -.,00114281
.01803 .18462 -.00109941
.01831 .18000 -.00087957

Figure 12. Sample output of phase velocity and source free
amplitude at frequencilies below cutoff for the GR
and GR, modes corresponding to the input data of
Fig. 1}.
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run described in Sec. 3.5 is that one sets NCMPL > 0, and that one supplies
values for the parametérs in the input list NAM51., A listing of the in-
put data for the run, allowing for the leaking modes, and appropriate to
our running example is given in Fig, 13. The phase velocities input for
the GR0 and GR1 modes are those derived from the two computer runs describ-
ed in Sec. 3.5. The source free amplitudes for these modes are supplied
only for frequencies below cutoff and these are derived from the second

run of Sec. 3.5. The imaginary parts of the wave number are the numbers
whose computation is described in Sec. 3.5. The reason we use the phase
velocities below cutoff as computed in Sec. 3.5, rather than as in Sec.
3.4, is that both calculations agree to the same order of accuracy as

would be expected for the approximations inherent in the method of Sec.
3.4, Consequently, we expect the values from the computer run to be the
more nearly accurate. Of course, the values of kI have to be computed

by the method of Sec. 3.4 since the computer program in its present form

does not compute these directly,

In Fig.14 we show CALCOMP plots of modal and total waveforms ob-
tained before and after the inclusion of leaking modes., (This is for
our running example, 15,000 km from a 50 megaton burst at 3 km altitude,
the receiver being on the ground.) One may note that the inclusion of
the leaking modes eliminates the spurious precursor in the waveform and
raises the amplitude of the first peak, It is also important to note
that the waveform with leaking modes included begins with a pressure
rise, This is what one would probably expect from intuition alone, and

would also appear to be more realistic.

3.7 FURTHER EXAMPLE (HOUSATONIC)

To further explore the effects of inclusion of leaking modes, we
chose the case of waveforms observed at Berkeley, California, following
the Hausatonic detonation at Johnson Island on October 30, 1962, A
previous comparison of theoretical and observed waveforms for this event

is given in the Geophysical Journal article by Pierce and Posey.l5 This

case is also the central example in the 1970 AFCRL report by Pierce and

N
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$NAM] NSTART=1,NPRNTe1, NPNCIl=-1,NCMPLel SEND

$NAM2 IMAXe2d,

11s1.,2.,4.,0.,5.,10,,12,,14,,16,,18,,20,,25,,30,,35.,40, ,45,,55.,
054,75.,85.,95.,105,,115,,125,,

T=292.,285.,270.,200,,249.,230.,225.,215.,205,,198,,205.,215.,227.,
237.,249.,265.,260.,240.,205.,185,,184,,200,,250.,400.,570,,

LANGLE=1,

WINDY=25%0,0,

WANGLE=25%0.0,

$END

$NAMY

THETKD»3S.,

V1 « 0,15, V2 = 0,495,

@M1 = 0,005, @M2 = 0,1,

N@MI = 30, NVPI = 30,

MAXM@D = 8§,

$END

$NAMS1 MNGR1=2, NPGR1=25, MNGRO=3, NPGRO=47,

@MGR1+0,001,0,00231,0.00428,0,00582,0,00805,0,01017,0,01083,0,01178,
0.01483,0,01592,0,01647,0.01706,0.01729,0.01;52,0.01793,0,0181,
0.0183,0.01864,0.01892,0.01322,0,01933,0.01935,0.01948,0,01961,
0.01974,

VPGR1-0,28308,0,27983,0,27567,0,26828,0,25122,0.24075,0.23860,0.23517,
0,21913,0.21034,0.205,0.19825,0,19545,0,19224,0,18621,0.1835,0.18017,
0.17414,0.16845,0.16207,0,15954,0.15905,0.15603,0,15302,0,15,

@MGRO=0,001,0,00231,0,00428,0,00624,0,00821,0,01017,0.01083,0,01483,0,01647,
0.01728,0.0181,0.01892,0.01933,0,01974,0,02138,0,02177,0.02207,0.02214,
0.02216,0.02218,0,02219,0.0222,0.02221,0.02227,0.02233,0,02253,0.02288,
0.02302,0,0232,0.02349,0.02377,0.02404,0,02430,0.02456,0,02466,0.02483,
0.02497,0.02511,0.02526,6.02541,0.02547,0.,02575,0,02584,0,02588,0,02593,

0.02603,0.02614, . YR

VPGRO=9.31206,0.31205,0.31203,0.31201,0,31197,0.31102,0,31190,0,31176,
0.31168,0.31163,0,31157,0.3115,0,31146,0,31141,0,31079,0,30991,0.30689,
0.30539,0.30501,0.30463,0.30526,0.30417,0.30388,0,30237,0,30086,0, 29483,
0.28276,0.27772,0,27069,0.25862,0.24655,0.23448,0.22241,0,21034,0.20622,
0.19828,0.19224,0.18621,0.18017,0.17434,0,17177,0.16207,0,15905,0,15761,
0.15603,0.15302,0.15,

AMPGRI=-0,00003660,-0.00004009,-0,00004754,-0,00007507,-0.00063749,
-0.00365399,-0.00365194,-0.00354504,

AMPGRO=-0.03102934,-1.03100520,-0,0309326,0,03081546,-0.03065299,
-+0.03044457,-0,03036475,

AKIGR1=4,0L-5,9.0L-5,1,75E-4,2.4L-4,27E-4,2,5E-4,2.25E-4,1,4E-4,17%0.0,

AKICRO=3.0L-8, 6,0L-8,1.2E-7,1.9F-7,2.5E-7,2,7E-7,2.3E-7,40%0.0,

$END

$NAMG  ZSCRCE=3.0, Z@BS=0.0  $END

$NAMS  YIELD=50.E3  SEND

SNAMIO  RgBS =~ 15000.,
TFIRS1#46.2L3, TEND=S2,2E3,
DELIT=15.,
100T=11

$LED

SNAM]  NSTART6,  SLND

Sample input data for synthesis of infrasonic waveform inclu-

ding leaking modes.

The data for the NA{S51 input list is as

derived from previous computations described in the present
chapter.

ra = R P AT O R S
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Poseyl , and is discussed within the Lamb edge mode theory context in some

detail in Posey's thesis.l6

The model atmosphere assumed for the computation is exactly the same
as in Fig, 3~12 of the 1970 report, only we let the upper half space begin
at 125 km (IMAX = 24). Rather than repeat the tedious calculations of
the kI for the GR0 and GRl

they would be essentially the same as for the running example in the pre-

modes for this model atmosphere, we assumed that

vious section. Thus the steps in Secs. 3.5 and 3.6 needed only to be

carried out to obtain a waveform sysnthesis.

In Fig. 15, we give comparisons of the CALCOMP plots for this event
before and after the inclusion of leaking modes. One may note that the
first of these does not agree with the comparable CALCOMP plots in Fig. ‘
3-10 of the 1970 AFCRL report. This is of course because we have here ;
taken the upper halfspace to begin !% a lower altitude. This choice of
where the upper halfspace begins 1s of little consequence when leaking
modes are included, and consequently the agreement of the old computation
with the leaking mode included case is quite substantial. Further, the
new compuﬁation is regarded as an improvement in that the spurious initial

pressure drop has been eliminated. i

On the basis of the calculations described above, we have redrawm

: the Fig. 7 in the Geophysical Journal article which compares observed and

theoretical pressure waveforms for the Housatonic-Berkeley event. This

i

revised figure is given here as Fig. 16. The only difference is in the
center waveform, The precursor is now absent and the first peak to trough

amplitude has been changed from 157 ubar to 170 ubar (less than 107 increase);

DI P

the remanider of the waveform is virtually unchanged. The discrepancy
with the edge mode synthesis hasa't been diminished and remains a topic

for future study. (It was not addressad during the present study.)
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in the theoretical computations was lu megaton, The model
atmosphere 1is as previously used by Pierce and Fosey in
AFCRL-70-0134, only the upper halfspace begins at 125 km.




2 -39-

|
a1 OBSERVED
S WAVEFORM

|75p.bés

504 MULTI-MODE

SYNTHESIS

6Wv- A\J

{ REVISED ,=— ﬂ

170 sbors
50+ #
z, | |
$04 EDGE MODE — ﬂ

ACOUSTIC PRESSURE (ibars)

SYNTH ESIS/'\
o

I g bars / \J
«50.

- 1 1 1 1

285 290 295 300 305
| . TIME AFTER BLAST (min)

Figure 16. Observed and theoretical pressure waveforms at Berkeley,
California, following the Housatonic detonation at Johnson
Island on 30 October 1962, The observed waveform is taken
from Donn and Shaw (1967). The energy yileld assumed in
the theoretical computations was 10 megatons. This is a
revised version of the Fig. 7 in the 1971 paper by Pierce
and Posey (3 eophys. J. Roy. Astron. Soc. 26, 341-368).
The original multi-mode synthesis figure has been replaced
by one including leaking modes.
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Chapter IV

ASYMPTOTIC HIGH-FREQUENCY BEHAVIOR

OF GUIDED MODES

4.1  INTRODUCTION

Due to temperature and wind stratification, the earth's atmosphere pos-
sesses sound speed channels with associated relative sound speed minima.
Fig.l7 shows a standard reference atmosphere wherein two such sound
speed channels are incicated; one with a minimum occurring at approxi-
mately 16 km altitude and the second with a minimum occurring at approx-~
imately 86 km altitude. Given the presence of such a channel, an

acoustic ducting phenomenon can occur, as is demonstrated in Fig.l8,

wherein the energy associated with an acoustic disturbance can become
trapped in the region of a relative sound speed minimum, It is this

3 mechanism of ducting only that is of interest here.

In the computer program INFRASONIC WAVEFORMS, the computation of
modal waveforms involves the numerical integration over angular fre-

quency of a Fourier transform of acoustic pressure where this integra-

tion is truncated at the high-frequency end. It ha:z been speculated
that this abrupt truncation leads to the generation of what might be
called '"numerical noise" in the computer output. It was felt useful,
therefore, to extend this integration beyond the heretofore upper
angular frequency limit by means of some appropriate high-frequency
apgroximation. In the case of an atmosphere with just one sound channel,
the technique for doing this is vell known and dates back to a paper
published by N. Haske].].:"7 in 1951. Haskell's method is the W.K.B.J.

(Wentzel, Kramers, Brillouin, Jeffreys) method, then in common use in

quang§? mechanics, although its invention dates back to Car¥*inil® and
Green in the early 19th century.

The approximations associated with the W.K.B.J. method of solution

apply to the analytical model on which the computer program is based at

PP
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Fgure 17, Temperature and wind speed versus height profiles for stan-
dard reference atmospheres, Calculations in present chapter
are for U. S. Standard Atmosphere 1962 without winds, The
presence of two temperature minima indicates two sound speed
channels.
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Sketches of sound speed versus height and acoustic pressure
amplitude versus height for a guided mode illustrating the
mechanism of acoustic ducting in a sound speed channel cen-
tered at a region of minimum sound speed. The energy of
the disturbance may be considered as concentrated in the
height r:gion between turning points.
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-3
frequencies above approximately 0.05 radian/sec (periods less than 2
minutes). Below that limit, effects due to density stratification in
the atmosphere and gravitational forces cannot be neglected., Such

effects therefore are not germane to the discussion here.

The application of the W.K.B.J. method of solution to the problem
of describing propagation of acoustic disturbances in an atmosphere that
contains two adjacent sound speed channels has previously been discussed
in the literature by Eckart?‘0 who invented the simple method of seeking
a W.K.B.J. model for each of the sound speed channels spearately, then
combining the results rather than treating the problem with a single
model. In the present chapter, Eckart's method is applied and numerically

verified for the case of infrasonic waves in the atmosphere.

4.2 THE W.K.B.J. MODEL

The W.K.B.J, model for propagation of acoustic disturbances in
a single sound speed channel may be considered as an approximation for
the acoustic pressure divided by the square root of the ambient density,

which in general may be expressed as

-;}’5;= V(z) e It Ikx (4.1)

(o]

where w is angular frequency, k is the wave number associated with the

horizontal dimension x, z is altitude. Here Y(z) satisfies the reduced

wave equation,

2 2

d W
+ - kz = 0 4.2
‘dz2 c2(z) v (4.2)

Ny

where c(z) is sound speed as a function of altitude. The W.K.B.J. approxi-
mation applies in general to all differential equations of this type if the
coeffieient of ¢ is sufficiently "slowly varying." It would appear im par-

ticular to be valid in the present context provided

TV-CC_T < A (4.3)

T
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where A is some representative wavelength of interest. This approxima-
tion states that substantial changes in sound speed should not occur

within distances corresponding to a typical wavelength of interest if
the model is to apply.

A particular result of the W.K.B.J. approximation is that dispersion
curves (vp vs. w) of guided modes are given by the equation

Ztop
E—z - "p'z:l iz = L (4.4)
Zhottom

where vp is phase velocity, n= 0, 1, 2; 3, ..., and vhere Zpottom and
Ztép identify the lower and upper bounds of the sound speed channel,
respectively. This integral is a direct result of the W.K.B.J. method

of solution?l, and its numerical solution enables the plotting of disper-
sion curves.

4.3 COMPARISON OF DISPERSION CURVES

Particular insight into the high-frequency behavior of guided in-
frasonic modes was gained when the above integral was solved numerically
by computer for both the upper and lower channels, the model atmosphere
being that given in Fig.l7. The resulting dispersion curves computed in
this manner are shown in the lower portion of Fig 19. One set of curves
(the dashed curves) is appropriate to the W.K.B.J., model for the lower
channel and the other set (the solid curves) is appropriate to the W.K.B.J.
model for the upper channel., In the upper portion of the same figure
are shown again dispersion curves as generated by the computer model
INFRASONIC WAVEFORMS. It should be mentioned that the computer model

solves a more complex problem in the sense that the simplifications in-
herent in the W.K.B.J. model are not present.

As 1s illustrated in the lower portion of Fig.l1l9, the two sets of
dispersion curves generated by the W.K.B.J. models intersect with one
another at various points. A comparison of the dispersion curves shown

in both the upper and lower portions of Fig. 19 reveals that these points

N e o et
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A comparison of theoretical guided mode dispersion curves for
the U, 5, Standard Atmosphere 1962, The upper set of curves
were generated by full wave calculations with the multi-modal
synthesis program INFRASONIC WAVEFORL S, The lower sets were
obtained by applying the W.K.B.,J, method to the upper sound
channel (solid lines) and the lower sound chanmel (dashed
lines), respectively.
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of intersection mark regions of resonant interaction in the phase velo-

" city-angular frequency plane between adjacent modes of the computer model.

i ‘; To better illustrate this observation, in the right hand portion of Fig. 20

;? i 3 is shown one such region of interaction with its corresponding point of

;;w, . intersection between two dispersion curves of the W.K.B.J., models shown .
ffz : to the left. It should be mentioned that the dispersion curves of the

computer model never intersect with one another. An analytical explana-

tion of this fact has previously been given by Pierce?2,

4.4  INFERENCES CONCERNING ENERGY VERSUS HEIGHT DISTRIBUTION

The above observation may be stated differently by saying that, for
i relatively high angular frequencies, the dispersion curve corresponding

; to a given mode of the computer model is comprised of portions of dis-

| persion curves from both sets of the curves generated by the W.K.B.J.
models. Two important inferences about the asymptotic high-frequency

behavior of guided infrasonic modes can be drawn from this statement.

TR e " cl

| First, for some frequency ranges, and depending on how dispersion curve
] | portions match between curves of the computer model and the W.K.B.J.
models, it can be inferred that the acoustic energy associated with a
given mode is comprised of energy associated more with propagation of

E _ acoustic disturbances in one sound speed channel than in the other.
Also, as frequency increases, this association alternates back and forth
between channels. To illustrate, if, for a small range of frequencies,

a portion of a dispersion curve of the computer model matches (in the

R e

phase velocity-angular frequency plane) a portion of one of the W.K,B.J.

A model curves for the upper channel, then that implies that, for that

1 mode and for that small frequency range, the acoustic energy density

associated with that mode is greater in the upper channel than in the

\; lower channel., Secondly, in the standard reference atmosphere, the .
sound speed minimum for the upper channel is less in magnitude than the

sound speed minimum for the lower channel. It can be inferred, therefore,

3 that those acoustic disturbances for which phase velocities are less in

magnitude than the sound speed minimum for the lower channel are associated

more with acoustic energy trapped in the upper channel than in the lower

g channel, and thus, for this reason, do not contribute significantly to

N C the acoustic energy at the ground. This inference implies that care must
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A detailed (blown-up) plot of a section of Hg. 19 showing

a region of resonant interaction between two modes, one ducted
in the upper channel, the other ducted in the lower channel.
The full wave calculation (computer model) indicates that the
two modes interact such that the actual dispersion curves do
not cross, but indicates that the W.K.B.J. and computer model

curves are nearly the same except in the region of resonant
interaction.
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be taken as to which modes are chosen to superpose in the attainment of

the final pressure waveform at the ground, as some may not contribute,

4.5 TIMPLICATIONS FOR WAVEFORM SYNTHESIS

In the previous synthesis of guided pressure waveforms at long dis-
tances, the acoustic modes were numbered in order of increasing phase
velocity (i.e., Spe SI’ SZ""’ etc.) and the sum over modes was truncated
at a finite maximum number of modes. The analysis given here indicates
that this may be a very poor approximation for synthesizing high frequency
portions of waveforms observed near the ground since there is always some
frequency above which the first, say, N modes all correspond to channelling

in the upper sound speed channel,

The preferable alternative would appear to be (for synthesis of ground
level arrivals from sources below 50 km altitude) to ignore the upper
sound speed channel completely for frequencies above, say, at least 0.2
rad/sec (possibly 0.1 rad/sec) corresponding to periods below at most
30 sec (possibly 1 min)., The dispersion curves could then be taken as
given by the W.K.B.J. approximation and the mode amplitude versus height
profiles could be computed by the method outlined by Haskell, The dis=-
persion curves and amplitudes so computed would fit directly into the
general scheme outlined by Pierce and Poseyl which forms the theoretical
basis for the current version of INFRASONIC WAVEFORMS.
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Chapter V

EXTENSION OF INFRASONIC WAVEFORMS TO INCLUDE

DISTANCES BEYOND THE ANTIPODE

5.1  INTRODUCTION

Previous thepretical considerations incorporated into the digital
computer program INFRASONIC WAVEFORMS restricted synthesis to waves that
had traveled less than one-half the distance around the earth. The pur-
pose of this chapter is to further exemplify techniques to enable computer
synthesis of acoustic-gravity pressure waveforms at points whose distances
are greater than halfway around the world from a nuclear explosion.
Extension of prior theory shows that for wave propagation past a point on
a spherical earth, one-half the great circle distance away from the point
of detonation (i.e., the antipode), a phase shift of /2 radians to the
Fourier transforms of each modal wave is incurred. Modification to the
computer program necessitates the reinterpretation of the great circle
distance r, the inclusion of the m/2 phase shift, and a modification to
the earth curvature correction factor. Computations are presented for

pre and post antipodal waveforms.,

5.2  THEORETICAL CONSIDERATIONS FOR POST.ANTIPODAL WAVEFORMS

In considering acoustic-gravity waves that have passed beyond the
antipode, certain specific definitions for the various waveforms must be
adopted. To an observer located on the surface of a spherical earth be-
tween the source and the antipode the pressure waveform that is first ob-
served is the direct arrival or Al arrival. The Aq arrival has traveled
the shortest great circle distance r to reach the observation point. The
next waveform observed at the above observation point is the A2 or antipo-
dal arriva}. The A2 arrival-has traveled the longer great circle distance
from the explosion point around the globe passing through the antipode to
reach the observation point. The A3 arrival is the A1 pressure waveform

that has traveled completely around the globe with respect
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to the observation point. Further arrivals exist but are not considered
here. The distance r is measured in kilometers and is the great circle
distance measured from the detonation point to the final observation
point. Figure 21 shows some typical pressure waveforms recorded in subur-
ban New York for the Russian explosion of 58 megatons at Novaya Zemlya

on 30 October 1961.23

Previqus numerical syntheses of acoustic-gravity waveforms have
only considered direct arrivals. The extension of this theory to include
waveform prediction for antipodal arrivals is described here. An inves-
tigation of a small region of the earth's surface in the vicinity of the
antipode where prior theory breaks down ylelds certain waveform charac~
teristics that enable waveform synthesis to be extended to ranges past
the antipode. By taking the antipodal region smaller in area than say
1/100th of the earth's area as a whole we can consider this region to
be flat. Then the equation governing propagation of any frequency in
any guided mode near the antipode is the cylindrical wave equation in

the form of
2 2.2 2
2°F /oty + (Wrp)IF/ary = (LN, )3 F/ae” = 0 (5.1)

where F would represent the rp and t dependent part of the integraticn
kernal for synthesization (i.e., integration over frequency of any
given modal waveform where the height dependent part is omitted here) *
The quantity Vp is the corresponding phase velocity. The assumed cir-
cular symmetry of the wave about the antipode is inherent in the absence
of the angular derivative terms in the above equation. The distance r,
is measured positive out from the antipode. The wave solution to Eq.
(5.1) for the total acoustic pressure p and small r, can be written for

time t as
F g'DJO(krA)cos(wt:+e:) (5.2)
For the above, k = w/Vp represcnts the horizontal wave number, w the

angular frequency, and € some phase angle. The quantity D is some arbi-

trary constant while Jo(krA) is the Bessel function of zero order.
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Figure 21, Infrasonic pressure waveforms recorded in suburban New York |
following the detonation of a 58 megaton yield nuclear device ’
in Novaya Zemlya IBSR on 30 October 1961, [Extracted from

. Donn and Shaw, Rev. of Geophys. 3, 53-82 (1967).] .
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When r, is suffienciently large (i.e., greater than three wavelengths)
a solution for the total acoustic pressure p can be considered as a sum
of ingoing and outgoing waves with respect to the antipodal region. The
asymptotic solution for large krA can be written for time t as

F = A(rA)"l/Zcos(wt+krA+ ¢in)
(5.3)

+ B(rA)-llzcos(wt-krA+ $out’

In Eq. {5.3) ¢ is some phase angle while w and k are as previously defined.
The plus sign in the argument of the cosine denotes an ingoing wave,
Equation (5.3) is not defined at T, = 0 and,as r, approaches zero, wave
amplification is predicted., Figure 22illustrates waveform amplification
appfoaching the antipode for three different values of r for a ten mega-

ton nuclear explosion. The antipode is reached when r = 20,000 km.

Realizing that Eqs. (5.2) and (5.3) should represent the same pre-
sure waveform at large r, we can now show the existence of a phase differ-
ence between waveforms approaching and leaving the antipode. For large
rp» the Bessel function Jo(krA) can be represented by its asymptotic
approximation such that Eq. (5.2) becomes

F= D(Z/nrAk)1/2cos(krA—n/4)cos(mt+e) (5.4)

or with the aid of trigonometric identities as

F = -%'-D(Z/m:Ak)ll2 [cos(wt+e+krA—n/4)
(5.5)
+ cos (wtte-kr, +m/4)]
Equating (5.3) to (5.5) then requires that
A =B =D/(2nk)/2 (5.6a)
¢in =¢ -~ nlb (5.6b)
¢out =e+ 5/b4 (5.6c)
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Fgure 22, Theoretical pressure waveforms of a pulse propagating towards

3 the antipode (corresponding to a great circle distance r of

i 20,000 km), Computations presented are for a 10 megaton burst
. ' in a standard atmosphere without winds. Note the amplification
3 . in amplitude for values of r successively closer to 20,000 km.
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$ =¢nt m/2 (5.7) -

out

The latter shows that a pressure waveform unjcrgoes a phase shift of 90

degrees. Based on this knowledge the computer program has been altered

to synthesize pressure waveforms for the A, arrival that passes through

the antipode.

5.3 MODIFICATIONS TO INFRASONIC WAVEFORMS FOR POST ANTIPODAL WAVEFORMS

Waveform synthesis for ranges beyond the antipode necessitates only
minor adjustments to the computer program. By considering the theoretical
development of Brune, Nafe, and Alsop (1961)24for circular spreading of
waves over a spherical surface of radius L (i.e., r, = 6374 km for earth)
the amplitude correction factor for the curvature of a spherical earth,
appearing in subroutine TMPT, is altered for post antipodal waveforms by
replacing the term sin(r/rg) by its absolute magnitude, where r is inter-
preted as the total distance the wave has traveled from the point of
detonation. For post antipodal arrivals considered here r would be between

Tr, and 2mr kilometers. The earth curvature correction factor in subroutine

TMPT appearing as

CF = (1./(6374. * SIN(RAD)))**0.5 (5.8)
is replaced for post antipodal waveforms by

CF = (1./(6374.,*%*ABS(SIN(RAD))))**0.5 (5.9
where ROBS = r and

RAD = ROBS/6374. (5.10)

To accomodate the change in phase as the waveforms pass through the anti-

pode two computer cards oi the form

PH2 = PH2 + 1.570796 (5.11)
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are inserted in the deck listing of subroutine TMPT after lines 160 and
177.

After incorporating the above modifications into subroutine TMPT
the computer program was then utilized to synthesize various theoretical
waveforms. Using the Soviet shot of 30 October 1961 as the source, a
phase shift upon passing through the antipode is exhibited in Fig. 23
for two observation ranges of a synthesized pressure waveform. Further
dispersion beyond the antipode of the pressure waveform is shown in
Fig. 24 for a ten megaton explosion. A comparision of antipodal arrivals
for a computer synthesized pressure waveform and a microbarograph recorded
by Donn and Shaw in suburban New York5 for the 58 megaton Soviet test is
presented in Fig. 25. Considering the scattering in waveforms that can
ocecur at such large arrival distances, it is not unreasonable to say that
the amplitudes and typical periods of the two plots are of the same order
of magnitude.
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Figure 25, A comparison of theoretical and observed antipodal (A,) arrivals
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i Chapter VI

,‘ E

%%q, )

R CONCLUSIONS AND RECOMMENDATIONS
}; {

%}y~ﬂ . 6.1 REMARKS CONCERNING INFRASONIC WAVEFORMS

The new version of INFRASONIC WAVEFORMS contained in this report
(Appendix A) allows for the computation of waveforms which have propa-
vy gated past the antipode and for the computation of waveforms including

leaking modes. Our remarks here concentrate on the latter modification,

If one chooses a model atmosphere in which the sound speed is con-

stant above some arbitrary large height, it is inevitable that the GRO

and GR1 modes should have lower cutoff frequencies and be leaking below
: that altitude. Beyond a certain point, one would expect that the compu-
\Gations should be independent of this choice of height, provided the

analysis were carried through with some degree of exactitude. If there

were a genuine sensitivity, this would indicate that these modes carry

an appreciable fraction of their energies at high altitudes and this
would in turn suggest that the neglect of physical dissipative mechanisms

(such as viscosity and thermal conduction, Joule heating, etc.), which

RS s
PSSR S

increase dramatically at extremely large heights for the frequencies of

interest here, is not a valid approximation.

TR

The reason we cannot take the bottom of our upper halfspace to be
arbitrarily large is that some modal height-amplitudes decrease exponen-

tially at large altitudes. This exponential decrease impiies that, if

T

one attempts to calculate the transmission matrix [R] connecting variables

v

at the bottom of the upper halfspace to those at the ground, then the
elements of [R] are going to be extremely large and the mathematical
theorem that the determinant of [R] be 1, while true in principle, is not

going to be satisfied for the actual numerical values computed because

Cla i

L i of the loss of significant figures. The net result is such large

fluctuations in the eigenmode dispersion function due to round-off

errors that it is impossible to determine its roots. This problem
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i f "é always arises at sufficiently high frequencies when the upper halfspace

bottom is taken too high.

In Chapter III, a simple expedient for circumventing this difficulty

87
e - is implicitly described. One uses one atmosphere for low frequencies,

2 T another atmosphere for higher frequencies. The atmosphere for the higher

‘ frequency calculations has its halfspace beginning at, say, 125 km alti-

s ] tude while the atmosphere for the lower frequency calculations has its
upper halfspace beginning at, say, 225 km. Given the premise that, for

¥ | the GR0 and GR1 modes (which appear to be the only modes for which we have
problems at low frequencies), the energy is ducted below 125 km, the

1 temperature above 225 km can be made as large as one desires without chang-

! ing the answers. Thus one simply chooses this temperature to be so large

that the lower cutoff frequencies for the two modes are, for all practical

\‘1 purposes, zero. In this manner one can construct the phase velocities
’ and source free amplitude functions versus frequency for these modes

|

i

down to arbitrarily small frequencies.

Another question is whether or not the kI (imaginary part of wave-
number) for the leaking modes are physically meaningful. They obviously

would be meaningful were the actual atmosphere terminated by an upper

halfspace and were there no physical dissipation mechanisms. However,

the actual atmosphere is more complicated than this model and one has

to accept the fact that (1) an approximate atmosphere is going to give
rise to approximate answers and (2) that the values of the kI are going

Ef to depend on the choice of the bottom height of the upper halfspace.

Thus the kI are really somewhat arbitrary. Fortunately, the values of

. the kI so derived are very small, at least for the example we have numeri-
cally carried out, that the computed waveforms are almost the same as

if the kI were identically zero.

E With the above remarks in mind, it is recommended that the calcula-
S | { tions of the kI for the GR0 and GR1 modes below cutoff not be carried out
jﬁ : : in the synthesizing of waveforms. Rather, one should either set the kI
: ) for frequencies below cutoff as given in our numerical example or to
. 2x10_10 (i.e., for all intents and purposes, zero). The reason the kI
-

!

| 7
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should not be set identically to zero is that the computer program uses
the nonzeroness of kI as a flag to decide whether to look for an input
value of AMP (source free amplitude) or to compute the number internally
(it can't do this at frequencies below cutoff and will consequently
return AMP = 0). While this may seem a rather simple thing to do, con-
sidering the elaborate mathematical theory developed2 in Scientific

Report No. 1, the analysis and computations which preceded the formula-

tions of this recommendation were necessary, if only to establish that

the prucedure has some rigorous mathematical basis.

In any event, it is evident that one must and should include con-
tributions from the frequencies below the nominal low frequency cutoff
(determined by the upper halfspace) if one is to adequately synthesize
the initial portions of waveforms., The present report shows how this
may be done. The procedure, although requiring several (three, in
general) runs of the program rather than just one run to accomplish
this, is relatively straightforward. It is obviously feasible to auto-
mate this so that only one run is necessary, but the time limitations

of the present study precluded our doing so.

6.2 DISCREPANCY WITH LaMB EDGE MODE THEORY

It was hoped that the inclusion of leaking modes into the multi-
mode synthesis would eliminate the discrepancy between the numerical
predictions of the Lamb edge mode theory and the multi-mode theory.

It is evident, however, from Fig. 16 in the present report that this
has not turned out to be the case. The cause of the discrepancy has
not been resolved and time limitations precluded its resolution.

There is always the possibility that either program may have a mistake,
However, barring this, it should be pointed out that the modified
multimode theory should be the more nearly correct. The Lamb edge mode
t:heorylS contains a number of approximations which the multi-mode
theory does not contain, Consequently, it is recommended that the
multi-mode model as modified here be used in preference to the Lamb

edge mode model.

T
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The relative simplicity of the edge mode model still retains an
intrinsic appeal and, consequently, it is recommended that some future
effort be expended in revising the model (possibly by including higher
order terms in the dispersion relation) such that the discrepancy is

resolved.

6.3 GUIDED MODES AT HIGHER FREQUENCIES

The procedure outlined in Chapter IV for using a modified W.K.B.J.
approximation to order the modes -and to compute modal parameter at high
frequencies looks eminently feasible and is recommended for inclusion
into the multi-mode synthesis program INFRASONIC WAVEFORMS. Although,
again, time limitations precluded this, we regret not having done so in
the present study. The motivation for doing this, however, is not as
strong as for the low frequency modifications because the commonly avail-
able data in the open literature is markedly poor as regards high frequency
arrivals., If and when such a modification is carried out, one should
ideally have appropriate data with which to compare the numerical predic-

tions.

Another problem is that there 1s some question as to whether a mult~
modal theory with a finite number of modes (even when judiciously selected)
can ever adequately synthesize higher frequency arrivals., In many respects,
we believe that an appropriate modification of a geometrical acoustics

theory would be preferable.

6.4 GEOMETRICAL ACOUSTICS MODEL

The geometrical acoustics model describedd in Scientific Report No. 2,
although still incompletely developed, appears to hold considerable promise
for the understanding of higher frequency arrivals. We know now how to
take the edge mode into account and how to handle the problem of caustics.
Problems of aretes, lacunae, and wave diffusion from channel to channel
still remain, but we believe these can be overcome with only a modest

amount of additional theoretical effort.

—— e e -
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The ultimate objective of the analysis should be to develop the
simplest possible theory sufficient to explain and interpret available
data. 1In this respect, we would suggest that both the multi-mode and
geometrical acoustical models, While perhaps more elaborate than should
be ideally required, could be used as research tools to conduct numeri-

* cal experiments which test simpler models. [he statistical models develop-
ed by B, Smith? for underwater acoustics appear especially attractive
in this regard and we believe that one should be able to test his models
using the geometrical acoustics model described in Scientific Report No.

2. Also, the types of numerical experiments envisioned should provide

the inspiration and support required to refine Smith's models such that
they be capable of a more nearly precise description of infrasonic wave- é
forms. .
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APPENDIX A

SOURCE DECK LISTING OF THE PRESENT
VERSION OF INFRASONIC WAVEFORMS

This supercedes the source deck listing originally given by
Pierce and Posey in AFCRL-70-0134, Changes incorporated include those
described by Pierce, Moo, and Posey in AFCRL-TR-73-0135 and those

described in the present report.
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PROGRAM INFRACINFUT.OUTPUT ,TAPES=INPYT,, TAPEESOYTPUT,

LPUNCH, TAFET=PUNCH, TAPER)
c HAIN PROGRAM 1723768%

c.....‘.‘.‘.......“.‘.“‘.C‘C....D..C.ODOOQ......“.O..C‘O‘.‘CQ‘..O“.

ATMOSPHERE

veecABSTRACT=o=e
TITLE = MAIN PROGRAM

THZ NUMEER OF LAYEPS, NWINTHS

ASSUMED FLAT ANG RIGIO. THEZ

YIZLO.

THE OBSERVER LCCATION “AY 9%

PORTIONS OF #Q0SS WITH FHASE
MAXIMUM WINC SFEED ARE TO 9¢
THE PROGRAP CAMNOY THEREFORZ
CRITICLL LAYER SFFECTS.

.
¥
.
{

LANGUAGE
" AUTHORS

.o LI

ooseliSAGE cnn=

CNAMY NSTARTZ o NPRNT= o NPNCH=

OF NSTART,

T ssweyngTARTZ SR

LAYERS MAY B SSLICTEC 7Y THE USER,

= AJDPIERCE ANC JoPOSEYy MeIeTes JUNE,19E8

- OROGRAM TO SYNTHESIZE ©FCSSUPT WAVEFORMS OF ACOUSTIC
GRAVITY WAVES GINERATED QY AUCLZAR EXPLOSIONS IN THE

PIBBBBUB VBV ISP BBIBS325833333333305323383830583830830385304

GENSRAL PURFNSE PROGRAM FOR STUOYING THE PROPAGATICN CF NUCLZA
EXPLOSION GENERATED ACOUSTIC GRAVITY WAVES IN THE ATRHCSAYERE.

THE ATRMOSPHERE 1S APOFCXIMATED BV & MULTILAYER ATMOSPHER
WITH COMNSTANT WINC VELOCITY AND TEMSEZRATURE IM £ACH LAYE

OF LAYERS, ANLC 2RQFERTICS 0
THE GJOQUND AT 220 1
UPPERMOST LAYER OF THE

"ATHOSFHERE IS ASSUMZOD TO S5 UNSQUNGEN FRONM ASOVE.

THE SOURCE IS SFECIFIEC 8Y ITS HEIGHT OF BURST AND ENIRG
IT IS APPAOXIMATED AS A POINT ENERAGY SQUTCE WITH
YIME OEFENOENCE CCNFOSPMING TO CURZ 9007 (HYGFOOYNAMIC)
SCALLIYNG DCRIVEC FQOM THE EFFECTS 0 YUCLEAR WIAFONS
(UeSe GOVIRAMENT FRINTING OFFICE. 1952).

SPECIF1RD ARSITRARILY.

HOHEVER.: THE CCPFPUTATICM INCLUDSS OALY CONTRIAUTIONS FRO
FULLY DyCTED GUINSO MCOSS AND ACCOPOYNGLY AIVES A SCLUTT
. .- VALID (A1 BEST) OMLY AT LARGE HORIZCHTAL CISTAMNCES.

, ALSOy THE PRCGRAMMING IS BA3ED ON THE PSEMISE THAT ONLY

VELOCITIES GRIATSR THAN THE
INCLUCED INTO THE COMPUTATIL
95 APPLIED TGO THE STUQY OF

< FORTRAN IV (280y REFEPENCE MANUAL C28-56515-4)

TALL DATE IS INFUT IN THZ NAPSLIST FORMAT, EACH SEQUENCE OF CATS
HUST INCLUSE A NAHi GROUF AT THE SIGINNING.

LEND
THZ REMAINNER OF THE QATA TO 8E SUPOLIEOD JEFESNOS OMN THE VALUE

con v ow - - .-

ctiNAM2 LANG ©= o INMAX3Z 4 T2 4 4 geey VKNTXZ 4 ¢ 9eee ETCe ¢
CIiNAMY THETK= s VIS 5 V23 4 OMi= “TCe L
CEiNAMG ISCRCES o 20883 LEND | -

CUNANMS YIZLO= LEND

CLNAMLO YFIRST= , TENO= , OELYY= o RO8S= , I0°r= LEND

¢

c s88uNSTARTS28%ss

CINAM3 IMAX= ¢ CIT ¢ geee YXI= 2009 ETC, LEND

CUNL %S THETK= s VI= 4 V23 ¢ OMLl= 4 ECV. | .. LEND

CINANMS ISCRCE= o 2C8S= LEND

CUNAMS YIELC= KEND . . -

CLNAMLD TFIRST= o TENO= o GELTY= 4, POJS= 4 [OPT= LEND

g ..‘.NSYAQT—BUU.'

S e e eur e e

-

NGRS SC Ky S

,,‘A,;sw.s,‘s:»/dmf,’-';;':,:@;o\' i e . Sl 4 tem w

MALIN
MRIN
MAIN
MAIN
MAIN
MRIN
MAIN
MAIN
MAIN
HAXN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIMN
MAIN
MAIN
MAIN
MAIN
MALIN
MAIN
NAIN
MAIN
4AIN
ML IN
MAIN
MAIN
HAIN
HATIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIR
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIMN
NAIN
HAIN
HAIN
MAIN
MALIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN

WINPTV WN P

10
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CINANS  IMAXZ ¢ CI% 4 seee VXIZ 4 5 qeey ETCe .  LENC
CENAMS ISCRCET , 208S=z SEND

CENANS vIELO= LEND .

CLNAMLO TFIRST= o TENO* o CELTTs , R08S= o IOPT= LEND
c

¢ SSSENSTART2L 088 " . T .
CINANMY OMMODZ ¢ o veee VOMOD= 4 o9eee MDFNDx , ETC,
CANANS YIELOD= LENO

CLNAMLO TFIRSY= o TENDx 4 DELTT= , ROIS=z , IOPT= LEND
c

¢ S8SNSTART=G*sss
+ CENANS HIFNO= 5 KST2 4 geee KFINZ 4 4009 OMMOD= o, , ETC,
CLNAMLO TFIRST= o TEND= , CELTT= , RO3S=  10QPT= LEND
c

c BESENSTART=H 448

C(NO ADDITIONAL DATA IS NEECEG. COMFUTATION TERMINATES.)

FOR A COPPLETZ LIST CF VARIASLES THAT ARC INCLUDEN IN & GIVEN
RAPELISY GOQUP, SEE MAFILIST STATSMENTS IN PROGRAM. NOTZ THAT
DATA "IN®UT BY RESD(S+NAFL)s RZTAD(S5+NAM2)ye ETC.e NETO NOT INSLUDE

VALUES OF ALL VARIABLES IN THE CORRESPONCING MAMELIST GROU3, ONE
NEZO ONLY IN'YT THOSZ VALUES NEECEC FOR THZ CALCULATICN ANO WHICH

ARE NOT ALREADY IN STCRAGE.

DATA ASSOCIATIC HITH AaMZ, NAMS, NAMZ, ANC NAMY SHOULC IN GENSRAL

NOT 82 SUPPLIED ARBITRARILY, BUT HMAY 3E QBYAINEC FROM PREVIOUS
RUNS OF THZ O9RCGRAH. IF NSTAOT=IL, NRMGH=L, 0ATA CARDS FOP NAM3,
NAYSs NANM7, ENO ANAM9 ARZ AUTOMATICALLY UNCHED, IF NSTART=2,
NPNCH=1, DATA CAROS FO& “A~5+ NAM7, ANO 'AMI ARE PUNCHEC. IF
NSTA3T=z3, NPNCH={, OATA CARDS FOR NANM? ANL NANMY ARY FUNCHED, IF
NSTART=44s NPNCH=1, DATA CARDS FOR NAM9 AREZ JUNCHED,

THE NEXT BATCH CF DATA AFTEP NAPF10 SHOULD BE Namle THE LAST DATA

CA0 SHOULD BE NaM1 WITH NSTART=6.

weasEXTERNAL SUNROUTINES REQUIREDe=w=

Wﬂx, v L N S A L e el e s
zq

c

¢

c

c

c

c

¢

c

¢

c

c SUBROUTINE TYPE CALLED 8Y

C...

c AAAA sus ELINT o MPFM, NAMIDE o NMOFN

c .. AKI sus T™™PY .
c ALLNOO sus MAIN

¢ AMBNT sus FAMPOE

c ATNOS sus rAIN

.C AXIST sus TMBT  (MeleT. CALCOMP ROUTINE)

c 8338 sua ELINT

C ... Cal . FUNC 8788« HNNF

c oxgoyYy syo TYOT  (HMeleTe CALCORP ROUTINE)

c . ELINT sus TOTINY

c ENOPLT sus THPT (M I.T, CALCONP ROUTINE?

c FNMOOY - FUNC MOCETR (SXTIINAL FOR A2G. OF RTMI)
[ FNMOO2 FUNC POOETR (EXTERIINAL FOR ARG. QF RTNMI)
c LNGTHN sus TASLE

¢ MMM Sys NAFPDES s RRRR

c MOOETR sus ALLMOO

c ROOLST sus MAIN

c HPOUT sys TAEBLE

c NAMPOE sus PAMPOE

c NEWPLT sus TMPT  (M.I.T, CALCOMP RQ0UTINE)

c NMOFN sus FRNPOOLsFAMOO2+ LNGTHNMPQUT +WIGEN
. C NUMBRY syse THFT  (MeloTs CALCOMP ROUTINE)

c NXNQDE sus ALLMQD

¢ NXPNT sus MODETR -

¢ PAMPOE sus MAIN

C PHASE sus SOUPrCe

c PLOTL sus TMPT (MeI.T., CALCOMP ROUTINE)

[ PpPAMP sus MAIN

c PRATHMO suo FAIN

¢ RRRR sus NMOFN

c RTNI sua MODFTR (IBM SCIENTIFIC SUARCUTINE)Y

PR Y : TN il - ~

MAIN
NAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MRIN
MAIN
MAIN
MRIN
HAIN
MARIN
MRIN
MRIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN
MAIN

‘MAIN

MaAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MATN
MA1N
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
MAIN
MAIN
NAIN
MAIN

71

73
76
75
76

T8
79
Ly
(.38
&2
a3
.1
8s
86
a7
1.}
89
S0
9L
92
93
9%
95
9%6
97
98

100

10¢.

102
103
104
165
106
107
18
109
110
bR $3
122
113
it
145
115
117
110
119
129
12t
12
123
126
125
126
127
128
129
130
13t
132
13X
136
135
136

138
139
148
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¢ SAY FUNC n8a8  MMMM

¢ SCLGPH sus THPT (MeleTo CALCOMP ROUTINE)

(4 SOURCE sUB PPAMP

(4 susecT sus TAPLE

¢ SYNOLS sus THPT (Mel«T. CALCOMP ROUTINE)

c TABLE sus NAIN

(] TABPRT sue MAIN

c THPT sue MAIN

] TOTINT sua NAMPOE

¢ UPINT sus TOTINT

¢ yssas susB TOTINT

g WIDEN sus TAELE

¢ ==e«INPUTS THROUGH NAMELIST READ STATEMENTS=w=e

¢

g NAMY -~ NAMELIST GROUP 1

c NSTART =FLAG DENOTING POINT IN MAIN PROGRAM AT WHICH COMPUTA
c TION PEGINS. POSSISLE VALUES OF { THROUGH S CAUSE

c NAMZ2, NAM3+ NAMS, NAM7, OR NAM9 TO 2E REAS. NSTART=
¢ CAUSES TEZSFIMNATION CF PROGRAM EXSCUTION.

¢ NPINT TFLAG FOF PIINTING OFTION. IF NPONT JLEe. Qo A MINIMA
¢ AMOUNT GF FRINTCUT WILL 3% RETURNZIO.

4 NPNCH 2FLAG FOR FUNCHING QFTIONe IF NPNCH JLE. 0+ NO INFO

WILL BE PUNCHED ON CAROS.

NAH2 =< NAMELIST GROLP 2
LANGLE ZINTEGER WHICH SPSCIFIES WHICH TYPT OF ATMOSPHIRIC 0A
IS INPUT. IF LANGEL LEe O+ THE WINO COMOONENTS IN
KNOTS ARE SPECIFIZO. WHILZ IF LANGE .GT. 3, THZI WIND
MAGNITULE AND CIRZCTION ARE SFEZCIFIED FOR EACH LAYER
X IMAX SNUMIZR OF LAYEPS OF FINITE THICKNISS IN PULTILAYER
ATHMOSPHERE,
- T STEMOERATURZ IN DEGREES KELVIN IN THZ I-TH LAVIR,
VKNTX (D) 3X (WEST TG SAST) CCPPONINT OF WIND VELGCITY IN I-TH
LAYER,.
VKNTY(I) 3Y (SOUTH TO NORTH) COMPONINT OF WINC VELOCITY IN I-T¥
LAYER, .
WINOY (I} SHINC VELCQCITY PAGHITURE IN XNOTS IN I-TH LAYER.

WANGLED) =WINC VELGCITY CIRICTION IN DIGRES3y RECKINEC COUNTER
CLOCKWISE FA0M X=-AXIS.

vi

“ya :
oML

AN IONNAOODND

oM2

e ———— i e

21t * SHEICGHT IN KILCHETERS OF THI TOF OF THE I-TH LAYER OF
FINITE THICXNESS,
NAM3 =<« NAMELIST GROUP 3

IMAX " =NUMEZR OF LAYERS OF FINITZ THICKNESS,

cItn 3SOUND SFESC IN KM/SZC IN I-TH LAYER,

vXI(I =X COMPONENT OF WIND VELOCITY IN I-rH LAYER (KM/S3C).
VYTt =Y COMFONENT OF WIND VZLOCITY IN I-TH LAYER (KM/SSC)H.
HI(D

STHICKNESS IM KM OF I«TH LAYER OF FINITE THICKNZSS.

NAM4 == NAMELIST GROUP &
THETKOD =OIRICTICN IN CFGPEZES TO OBSERVER, RTCKONED COUNTER

CLOCKHISE FI0M X AXIS.
ZLOKHER BCGUNC 1IN KM/SSC UF PHASE VELOCITY INTERVAL CON
+ STOCRED FCX NCFFMAL MONE TABULATION .

TYFFER BOUAD IN KM/SEC OF P4ASE VILOCITY INTERVAL CON
SINERIO FCR NOPPAL FODE TASUYLATION

SHINIMUK ANGULAR FRECUEINCY IN RAG/SEC CONSICERED FOR
NOPFAL MCOZ TepULATION,.

=MAXIHUM ANGULAR FRENUSNCY IN RAO/SEC COANSICERSD FOR

MAIN'
MAIN'

MRIN
MAIN
HAIN
NAIN
MAIN
HAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
MAIN

‘MAIN

MA N

MAIN-

MAIN
MAIN
MATN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
“LIN
MAIN
MSIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MNAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
HAIN
MAIN

14
142
143
146
165
146
167
148
149
150
152
152
153
154
155
156
157
158
159
160
161
162
163

164.

165
166
167
168
169
179
171
172
173
174
17%
176
177
178
179
180
18
182
183
186
185
126
187
183
189
130
194
192
1493
194
195
196
197
198
199
200
201
202
203
206
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NORFAL MOOS TABULATION,

TINITIAL NUMREFR OF QISCRETS FREQUINCIES BETWEEN CMQ
AND OM2, INCLUSIVF, AT WHICH NORMAL MOCE OISPERSION
FUNCTION IS STUOIEOD. '

=INIYIAL NUMAER OF DYSCRETE PHASF VELOCITISS BETHEEN
V1 3D V2, INCLUSIVE, AT WHICH NOQAL MOOE CISPEPSIOQ
FUNCTION 1S STUODIED,

FHAXTMUM NUMBER OF MCOZS TO BE TA3ULATED,

NAMS =< NAMELIST GROUP 5

IMAX
cIen .
VXI(I)
VYIUID)
RICD)
. THETXD

MOFND
-KSTIN)
KFININY

GMMODLN)

vPHMOD(N)

INUMSER OF LAYERS OF FINITZ THICKNESS

2SOUND SPESD IN KM/SEC IN I-TH LAYER

=X COMPONINT OF WING VFLOCITY IN I-TH LAYER (KM/SEC)

xY CCMFOMENT OF WINC VELOCITY IR I-TH LAYER (KM/SEC)

TTHICKNISS IN K4 OF T<TH LAYZR OF FINITE THICKNZSS

=0IRZCYION IN CEGREES TO 0ISZRVERe RECKONZD COUNTER
CLOCKHISE FROM X AXIS

TNUMPER CF NORPLL MCCES FOUND

=INQOEX OF FIXRST TABULATED OSINT IN N~TH MOOE

=IMIEX OF LAST TAQULATED POINT IN N-TH HODE. IN
GENTRALy KFIN(HN)SKSTIN+L) =1,

SARPAY STORING ANGULAR FRINUINCY OROINATt (RAC/SECY O
PCINTS ON QISFERSION CUAVES. THI MMOOE MODE IS STOR
FOP N BETWEEM KST(NFODE) AND KFIN(HMODNE)}.

ZARFAY STCRING FHAST VELOCITY ORDINATE (XM/SEC) OF
POINTS ON CISFERSICA CURVES. THE NMOOE HOOZ IS STOR
FOR N BETHEEN KSTUINMQOEY ARD KFIN(NHODED .

NAMG == NAMELIST GROUP 6

ZSCRCE
Z03S

SHEIGHT IN XP OF BURST ATOVE GROUND
SHEIGHT IN XM OF OBSERVER ABOVE GROUND

NAM? <= NAMELIST GROUP 7 : . . . ’

OMMOD (N)
VPNOON)

MOFND
KST(NY
KFINCNY

ANPLY)

ALAN

£ACT

EARPAY STORIMNG ANGULAR FRENUENCY ORDINATE (RAQ/SEC) O
PCINTS OM CISPFFSIOM CURVIS. THE MMDOE MODE IS STOR
FOR N BETRESN WKST(NFOOE) ANO KFIN(N¥ODE) .,

SAPPAY STORING FHASEZ VELOCITY CGROINATE (KM/SEC) OF
POINTS OM DISFEPSION CURVIS. THE NMONE “M0O0S IS STOR
FOP N BETWESN KSTI(NMOOZY AND KFIN(HFGGCE) ’

ENUM3ER OF NOPMAL MCCES FOUNT

2INDZX OF FIRST TAQULATEN PGINT IN N-TH MODE

2INCEX OF LAST TAAULATED POINT IN N=TH MODE. 1IN
GENSRALy KFIN(R)I=KST(N+L) -1,

=APPLITUCE FECTCR FCR GUIDZID WAVE EXCITED BY POINT
ENERQGY SOURCE. UNITS ARE KM**(=1). THE J=TH CLEMZN
CORFESPOAGS TO ANGULAR FRINUENCY OMMON(J) AND OHASE
¥ELOCITY VPMOC(JH) . THE A42LITUOC FACTOR IS APRROPRI
TO THE ANMCCE-TH MODE IF 4 ,GE+ KST(AMOOZ) AND J .LE.
KFIN(NMGCE), A DETAILEQ OIFINITION OF AM2CJY IS GIV
IN THE LISTING OF SUPPQUTINE NAMOOE.

xA SCALING FACTO2 DSCINOINT OGN HEIGHT OF BUPST. EAUAL
T0 CUBE RCOT GF (ORESSURE AT GROUNDI/Z(FRISSUPI ATV
BURST HEIGHT) TIMFS (SOUN{ SPEZD AT GICUNDI) /7 (SOUND
SPESD AT PUIST HIIGHT). SEE SURAWDUYTINE oamepe,

SA GEINERAL AMPLITHAZ FACTOR CEPENDENT ON SURST HMEIGHT
AND OdJSERVE? HEINHT, A PRICIST CEFINITICN IS GIVEN
IN THE LISTING OF SUSROUTINS PAMOODE.

NAMS =~ NAPZLIST GROUP 8

YIELD

SEMERGY YIELOD OF EXPLOSION IN EQUIVALENT XILOTONS (XT

MEIX
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
A IN
HMAIN
MAIN
MAIN
MAIN
NAIN
MAZIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
Ma IN
MAIN
MAIN
MAIN
MALIN
NAIN
MAIN
MAIN
HAIN
HATIN
MAIN
YA IN
MAIN
MAIN
HAIN
MAIN
MAIN
MA IN
MAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN

205
2086
207
208
209
2190
211
212
213
21b
215
216
217
218
219
220
224
222
223
224
22%
226
227
228
229
230
23
232
233
234
235
236
237
238
239
240
241
242
243
260
245
2L6
247
248
249
250
2%y
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
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- i c .. OF TNTe & KT = 4.2X{10)%%{3 ERGS. ) MRIN 269
D ¢ . MAIN 270
e C NAMS <= NAFELIST GROUP 9 MAIN 271
o . ¢ MAIN 272
28 ¢ MOFND .  =NUMBER COF AORMAL MOCES FOUNOD MAIN 273
o c KST(N) =INOEX OF FIRST TARULATEN SOINT IN N=-TH NOOE MAIN 274
BN c KFININ) SINDEX OF LAST TANULATED POINT IN H=TH MOOZ. IN MAIN 275
# ¢ GENZRAL+ KFIN(NIZKSTIN*+L) =1 HAIN 276
- ¢ OMMQD(N) ZARRAY STORING ANGULAR FREAUENCY OROINATE (RAD/SEC) O MAIN 217
i c . POIATS OM OISPESSIOA CUIVES, THS NVMODE MOGS IS STOR MAIN 278
: (- FOR N BETWESH KST(AFODE) AND KFIN(HMOZE) « HATN 279
e ¢ VPHOD(N) ZARPAY STGRING PMASE VELJICITY OROINATE (KM/SEC) OF MAIN 200
e c PQINTS ON CISPERSION CUIVES. THE HMODE MOOE IS STOR MAIN 281
c . FOR N BETKEEN ¥STCAMOOEZ) AND KFIN(NFOOE) . MAIN 282
< ¢ AMPLTO(N)  =AMPPLITUDE FACTOS REFICSINTING TOTAL MAGNITUDE OF HAIN 283
¢ FCURIER TRANSFORM OF WAVEFORM CONTRISUTION OF SINGLE MATN 284
c . .. . GUICED MOCE AT FOEQUENSY OMMOD(N) . IT REPPCSINTS TH MBIN 285
; c APPLITUQE CF NMONE~TH MODE IF N IS5 PETHEEN KST(AMODE MAIN 286
! c ... AND KFINC(NMCNZ), INCLUSIVE. FOR 9RECISE DSFINITION, MAIN 237
! ¢ SEE SUBPCUTINZ oPaAyF, MAIN 288
5 ¢ PHASOCN) BOMASE LAG AT FPENUSNCY OMMOD(N) FOP HFGDE MCDS WHMEN MAIN 289
P ¢ N PETWEEN KST(NMOOS) AND KFIN(NMONE), RESPECTIVELY. HMAIN 290
e, ¢ THE INTEGSANS IS UNCESSTO00 TO HAVE THE FORM MAIN 291
¢ , AMPLTC®COS (CHMOD*® (TIMZ ~OISTANCE/VOHOD) +PHASC) s FOR  MAIN 292,
.. c e PRECISE DEFINITION CF P4aSQ, SEE SUBROUTINES TMPY  MAIN 293
+ . ¢ AND PPRAMF. ) MAIN 294
2 c . MAIN 295
. C NAML0 <« NAMELIST GPOUP 10 MAIN 296
- ¢ MATIN 297
3 ¢ YFIRSY 3FIRSY TIME RELATIVE TO TIME OF DSTONATION FOP WHICH MAIN 298
] WAVEFQRM IS GOMFUTEZO., UNITS ARE IN SSCONDS, MAIN 299
1 e TENO SAPPSOXIHATE TIMS VALUE COXKRESPONIING TO LAST POINTY  MAIN 300
3 e .- .. TABULAYED FCR HAVEFGRH (RZLATIVE TO TINE OF DSTONATI MAIN T01
A ¢ FOP PRFCISc OSFINITIOM, SEE SUBROUTINE YMPT, MAIN 302
.C ... OELTY SINCRZMEAT CF TINS VBLUSS IN SECONNS FOR WHICH SUCCES MAIR 203
c SIVE WAVEFORN POINTS A42E TABULATED, HATH 304
€.. ROBS SMAGNITUCE CF HORIZONTAL DISTANCE IN KM BETHEEN SOURC MAIN 308
c ANO OBSERVEP. HAIN 306
c 10PV BINTEGER CGATRALLING WHICH MODES ARE INCLUDED IN THE MAIN 3c7
c CCMPUTEQ WAVEFOPM, FOR PRSCISE OSFINITION, SEE HAIN 08
c . SUBROUTIAZ THOT, . MAIN 309
“ c HAIN 310
¢ ¢ . MATN 31
) c we=ePROGRAK FOLLOWS BELOWS =e=e HAIN 312
- C e . MAIN 313
3 ¢ MAIN 314
3 C OIMEASIOUN STATEHENTS MAIN 115
8 1 DIMEHNSION CICL0G)VXT(100) VYT CL100) «HT(100) JAMP(2000) JANPLTO(2000 MALN 316
3 OIMENSICN T(100) ,VKATX (1001, V<NTY(102),21¢100),PHASNCL000): MAIN 317
3 DINSHSION WANGLE (139) oA INDY (L00) : MAIN 318
3 ODIMENSION OM(100),VP(160),TNMOOS (10090) . MAIN 319
3 DIMENSTON KSTC(L0)KFIN(10),0MMCO(L0300 HATN 320
~ o _1VPMOD(L0G0) JAKT (10001, TRUFI14GD) HnarN 321
k., . DIHENSION OMGR1(S3) s VFGRL(GG) 4AXIGRL(SS) ,0HGR0(50) MAIN 322
. LVPGRG(50) 4AKIGRO(50) AHPGRO(50) »84MOGAL(55) | | . MAIN 323
t c . . MAIN 324
A C ALOCATION OF VARIAELES TO COMMGN SYORAGE L e HATH 325
3 COMMON IMAX,CIyVXIoVYIGHI HAIN 226
3 c L. ) MAIN 327
h C NAMELIST STYATEMENTS HaIN 328
. ; NAMELIST /NAML/ NSTAFT,NPONT,NPNCH,HNCHOL HAIN 329
- i NAFELIST /NAM2/7 LANGLE e IMAX ¢ T4 VKATX o VKNTY HINDY yWANGLE 2] MATH 330
2 ] . NAMELIST /NAM3Z IMAX.CI,VXI,VYI.HI MAIN 331
1 ' NAMELIST /NAM4/ TYHETKDoV1eVZ2,0M1,0M2,NOHI«AVPI,HAXKCO MAIN 332
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NAKELIST /NARS/
1 voxoo

NARSLIST /NAMG/
NANZLIST /NAMT/
NAKELIST /NANA/
NAPELIST /NANMOYZ
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IHAX.CI.VXIvVYI'NI'TWEYKOoHOFNDoKSToKFINoOHHQQo

2SCRCEL201S

CHHOGQV‘HOEQ"DFNCQKS"OKFIN. AMO ALAMLFACY
YIELD
HOFNC.KSt.KFIN.OPNOO.V°SOO¢lP'LTQ.’MlSQ

. NAMELISY /NAMLD/ TFIRST, TENDSDELTT 9 ROSSs 10°T
NAVELIST /NANM53L/ HNGGL'N=GP1qHNGQU¢N°5R090HG&1¢VFGR1.OHGFO'
LVPGRILAKIGRL ¢AKICRO s AMCGRO 4 ANAGRY

NSTART=(0
NPRNT=0
NPNCH=2()
NCHPL30
LANGLE=]
IMAX30
THETXD=0.0
visd.t -
V230.0
OMiz0.0
omM2sd.0
NOMI=0
NVPLS)
KAXNOO20
HOFND=0
2SCRCE=D,.0
208850.0
ALANZ0.D
FACT=20.0
YIELD=0.0
TFIRST=0.0
* TEND=0.0
OELYT=040
RONS>0.0
I0PT20
00 2% IPR21,100
CI(IPRI=0.0
YXI(IPRIZ0
¥yYr(roe1=90.0
HItIPRI=0WD
T(122)=20,0
VKNTXC(IOR)I=0.0
VKNTY(IFR)=0.0
ZICIPRYIZ0.0
WANGLE(1IFR) 20,0
NINDY(TOR)=G.0
‘OM(IoR)30.0

21 vP(IPR)=0.0

00 31 IPR=1.10
KSTLIVRY =0

34 KFIN(IFR)=0
00 41 IPR=1,1000

ANP(IPR)=0.0
AMFLTO(IPR)=0.0
PHASN(IFR)I=0,0
OMNOO(TOR)=0.0
AKICIPR)=040

&3 VPHOD(IPR)=0.0

L

C BEXQRE ANY OATA IS READ INe ALL NAMZLIST VALUES ARE PRESET 70 ZERO.
€ THIS IS OONNE SIMPLY TO MAKE NAFELIST PRINTOUT EASIER TO READ.

START OF EXECUTABLE FORTICN OF PROGRAM

HATA
HALN
HATN
HRIN
HAIN
HAIN
MAIN
MATN
HATN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
HAIN
HAIN
MAIN

MAIN

NAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
WA IN
MAIN
MAIN
HAIN
MAIN
HAIN
HAIN
MALIN
HAIN
MAIN
MAIN
HAIN
MAIN .
HAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HALIN
MAIN
MAIN
MATIN
HATN
MAIN
MAIN
MAIN
MAIN
MAIN

A e = -

333
336
335
336
337
338
339
3u8
3ud
242
3u3
3l
3u5
Ju6
347
348
349
350
I8¢
352
353
354
355
156
387
358
359
360
3631

362

363
364
365
266
367
368
169
370
k14"
372
373
37
375
376
377
378
379
3¢
384
382
383
38b
385
3e6
387
3es
389
390
391
392
393
394
395
396
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NENPLT IS A CALCOMF SUBROUTIAE WHICH INITIATES THS CALCOMP PLOTTER
TAPE FILE. 5640 IS THE M.1.7. COMEUTATION CENTER PROSLEM NO. 5923 I
THE PROGRAMMER NO. GRAPH FAFZR WITH BLACK INK IS RENUESTED.

CALL PLOTS{IAUF,140042,00)

L READ (5.MAN1)

O O 00060

IT IS CONSTDSRED GOOL PRACTICE TG HAVE INPUT. DATA PRINTEGC ON OUTFUT
HRITE (6437)

37 FORMATALH /7777 27HINAPL HAS JUST BEEN READ IN)
HRITE (6.NAML)

CURRENT VALUE OF NSTART CCATROLS THE STAGE AT WHICH COMPUTATION BEGIN
SINCE COMPUTED GO TO STATEMEATS SOMETIMES 00 MOT COMPILE COPRECTLY IF
INDOEX IS NOT EXPLICIVLY DEFINEDs WE PLAY IT SAFE WITH REOGUNCANT
STATENENT,
NSTARTINSTART

‘G0 VO (200.303.h00.500'600'999)thtARf

WE ARRIVS HERE IF MSTART={ .
200 PEAD (5.NAIH2) .. e e

S 000 O 000000

HRITE (64237)
237 FORMATILH /7777 2TH NAMZ HAS JUST BEEN READ IN)
HRITE (54NAM2)

oo

couvenr ATMOSOMERIC CATA TO STANDARD FORM .
CALL AtPOS(?.VKNTX.VKNYYoZI'HANGLFoHINDYoLthLE)
IFC NPRNT oLE. C) GO TO 270 R

PRINY ATMOSPHERIC PRCFILE IF NERNT o6Te 0 . ... = ..
CALL ORATHO ) . . -

.
cmsagmt e e L R e L com-u o

‘270 IFt NPNCH .LE. 0) GO To 30% ST

o o no

C PUNCH NAM3 0OATA IF NONCH LGT. O . e
WRITE (7,271) e e o emerene e, e
271 FORMAT ( 74 LNAMY )
IUHS = IrAX + 3 ' e
HRITE (7,272) INAX,(CI(I),1= ivIUHS)
272 FORHAY ¢ 10K IMAX 32 +I34iHe - 7 M LI 3/
L € 6XeGL5¢841H,43G15,2,1He+015e893H3+GL5e8¢8Hy ) )
v e . HRITECT274) (VXICIYoI=14IUHSY, | . aem e . . m——
276 FORMAT (M VXTI = ¢/
1 0 6XeG15e8+1H91GL5:e892He 36154841 He161548412Hy ) )
WRITE(74275) (VYI 1) I38,IUHSH
276 FORMAT(9H vyl s 7/
2 ( EXeG15.8.1H99615.841MH44615. 8v1H"61756'1H' )
... NRITE{(7,273) { HICI},I=1,IUHS) . e e e cmma
2783 FORMATY ( a4 HI = / ’ :
eond € BX9G15e841HeeGL54Rs1HyeGL5e891LH9GL54841Hy ) ) _
WRITE (7,279)
279 FORMAT ( 64 LEND
HRITE (6,583}
. HRITE (6,271)
WRITE (654272) IMAX (CI(ID),I=2,IUNSY?
e o . HRITE(E,276) (VXICI)I=14IUHS)
’ HRITEL64276) (VYT(I)I=1,JUHS)
KRITE(S4278) ( HI(I) I21,IUKHS) |
WRIYE (64279
240 GO YO 305 i mmimam e e mmeen . i - - o ——

v o se me — . - @ on e

- mt——— o & PP
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e M tsede VeBGetes - . el

.

MR IN
HRIN
MAIM
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN

. MAIN

MAIN
HAIN
MAIN
MAIN
MAIN
MaIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
"MAIN
MAIN
NAIN
MAIN
MAIN
HAIN

. MAIN

_MAIN
HAIN
MAIN

" MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
HAIN
NAIN
HAIN
MAIN
HAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
NAIN
MAIN
HAIN
MAIN
MAIN
MAIN
NAIN

397
398
399
400
402
402
403
406
405
«Ch
407
4038
409
L10
L1t
w12
613
b6
415
L16
b7
18
419
420

428

422
423
426
4«25
426
427
428
429
420
431
432
433
L3
435
4«36
037
428
439
40
(T3 8
L62
443
Lok
445
Lu6
Lu?7
Lu8
449
450
51
452
453
54
455
56
457
458
459
460
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HE APRIVE HERE IF MSTART=2

300 READ (5,Ma43)
WRITE 64302}

302 FOAMATIAH 77777 27H NAM3 HAS JUST BEEN R;Ao N
WRITE (64NAM3) .
IFt NPRANT JLE. 0) GO TQ 305

PRINT ATMOIPHERIC PROFILE IF ‘PRANT «GT. O
CALL PPATHO

CONTINUING FPOM 270, 280, 02, OR 307

305 READ (5.NANG)
HRITE (6,307)

307 FORMATILH /7777 27H MAML HAS JUST RECN READ IN)
NRITE (6eNAMUL)

CONVERT THZTKD FPOM CEGREES TG PADIANS
THETK = (3.14159) * THETKD /7 1%0.0
NOM = NOMI
NVP = NVPI

COASTPUCT TABLE OF INMOOE VALUES
CALL TASLE(ONL,0¥24V14V2yNCHINVPSTHETKyOM VP ¢ INHOOE ¢ NPRNTY

COMPUTEZ DISPEPSION CURVES OF GUICED MODES
CALL lLLMOD(hV"FOBoPAxFCD.HDFhO.OH.vP.KST.KFIN.CHHCO'VCPOD.
4 INMODZ 4 THETKKhOP)
IFENCMOL JLE. G) GO TO 309
READ(S,NANSL)
- KBEGIN = KSTIMNGRY)
KENDI = KFIN(MNGGO)
KENDF = KB8ZGIN + NPGRO ¢ NFGRL = 2
IFLKENOF JLE. XENDI) GO TO 3085
KFINPL = KENOIL + 3
KFINHMO 2 KFIN(FUOFND)
00 3082 LL = KFINPL,KFINND
L = KFINMD + KFINPL = LL
LNEW T L ¢ XENCF = KENCI
OHMOD (LNEW) = CHM~OT (L)
VPMOOCLNENY = vP+OQ(L)
ARTCLNEW) = AKI(L)
ANP(LNEW) = AMP(L)
3082 CONTINUE
MNGRGPL 3 MNGRO + L
00 3082 KKL = HMNGROPZI+MCFND
KL = MNG=QP1 ¢ MOFND = KKL
KFINIXL) = KFIN(XL) + KENDF = KENOI
3082 XST(KL) = KST(KL) + KENGF = KENDI
GO TO 3048 -
3085 CONTINUE
KFINPL = KFIN(FHGRO) ¢ 1
KFINMO = KFIN(¥DFNO)
DO 3086 L = KFINFL,KFINND
LNEW = L + KENCF -~ KENCI
OMMONDCILNEH) = OMMOD (L)
VPMOD(LNEW) = VPM0O(L)
AKICLNEN) = AKI(L)
“AMP (LNEW) = aMP(L)
3086 CONTINUE
HNGRIPL = MNGRO + 1
00 3087 XKL = MNGROP1,FCFNOD
KL = MNGROPL ¢ MCFND = KXU
KFINIKL) = KFIN(XL) + XENOF = KEMNOI
3087 XST(KL) = KST(KL) ¢ KENGS - KENOIX
308% CONTINUE

NAIN-

MAIN
MRIN
MAIN
MAIN
MAIN

NAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN

_MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
NAIN
MAIN
MARIN
MAIN
MAIN
MAIN
NAIN
HAIN

. MAIN

NAIN
MAIN
MAIN
HAIN
HAIN
HAIN
MAIN
MAIN
HAIN
HAIN
BAIN
NAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
HAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN

461
462
%63
u6h
465
466
w67
468
469
w70
DY 2%
472
473
4T
475
476
8 34
478
479
480
“81
»82
483
L8
4as
486
u87
4L8A
489
[X-11}
491
492
493
494
495
.96
497
L9938
499
500
5e1
502
503
504
11
506
507
508
509
510
511
512
513
516
515
516
517
518
519
520
521
522
523
524
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KST(HNGRL) = KDEGIN
KFIN(MNGR1) = KST(MNGR1) # NPGRL - {1
KSTENNGRD) = KFIN(HNGR1) ¢
KFIN(HNGRO) = KSTIMNGRJ) ¢ NPGRO - §
00 318% L = 1,NPGRL
LNEW = KSTIMNGR1) + L - 4
OMNOD(LNEH) = OMGRL (L)
VPNOD(LNEW) = VPGRY (L)
AKT(LNENW) = AKIGRI(L)
AMPLNEN) = AMPGRL(L)

3188 CONTINUE
.00 3089 L = 1,NFGRO
LNEW = KSTCMNGRO) ¢ L = 2
ONMMOD(LNENH) = OMGRO (LY
VPNOD(LNEW) = VFGRE (L)
AKI(LNEW) = AKIGRO(L)
AMB(LNIH) = AMFGRO(L)

3089 CONTINUE :

309 CONTINUE

Tartn v o e

CHECK TO SEE IF ANY MODES WEZRE FOUND
IF{ KWOP .GE. 0) GO TO 320

EXIT IF KHOO LT, 0
WRITE (6,321) KWOP
341 FOPMAT(1H o SHKWCPz, 13)
CALL EXIT . .

CONTINUING WITH KWOP .GE. 0 FROM 308

IF- INPRNT JLZ. G) GO TO 353

PRINT NOIMAL MODZ CISPERSICA CUPVES
CALL MOOLST(MOFNCoOMMCDe VPHOD ¢ AKI«KST9KFIN)

CONT!NUING FPOM 320 OR 221

350 IFC NPNCH «.LE, () GO TO 360

PUNCH NAMS BATA IF NFNCH «.GT. O . .. .
WRITE (7,351) RS

.351 FORMAT ( 74 INAMS )} | e e e L
‘TUHS 3 IMAX & 1

CNRITE (7.272) IFPAX4(CI(I) I=14IUHS)
WRITS(74274) (VYTICI) oI=1,JUHS)

. MRITEL?0276) (VYICI)oI=1,IUHS)

HRITEC7427%) { HI(I) oI=2,IUHS) )
WRITS (7,352) THETKDsFCFMAD,(KST(I),151,M0FND)
352 FORMATYT (1iH THETKO =,G16e842Hy/3i0H MOFNO =913,1H4/8H
L1 € 6XeG154892HeeG154892M39625.%01H09615e891Hy ) )
HRITEL7+355) (KFIN{I)s1=4,MDFND) *
.355 FORMAT ( 104 KFIN = / .

L € 6X961548:1H,,6154841H,+G154841H94G15. Goiﬂo Yy .

. KLAST = KFIN(MCFNOQ)

WRITE (74357) (CMMOD(I) ,I=1,KLAST)
357 FORMAT ( 1iH  OFMOD = / e s

1 1 6XeG154841H0eG15080149461508+14¢0G15.8¢1Hy ) )

HRITE(7+4359) (VP¥QD(I)4I=1,KLAST)
359 FORMAT ( 1iM VEMOD = /

1 ( 6X9G1S+841H,44G15, 5.1"..615 8oiHe9G15e891Hy ) )
HRITE (7.279)
NRITE (6,4583)
WRITE (64351) .
WRITE (64272) IMAX,(CI(I),I=1,IUHS) .

CMRITE(64276) (VXTI(I),1=1,IUHS)
WRITE(6+27h) (VYI(I),151,IUHS)
HRITE(6+4278) ( HICI)91=1,IUHS)

 an et e sdese emime

et racsrde coem semm -
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KST =/

HAIN
NAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
NAIN
HAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
MAIN
HAIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HALN
HAIN
MAI"
MATN
MALN
MAIN
HAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN

s2s
526
527
528
529
530
531
532
533
53k
535
536
537
538
539
543
Su1
542
543
Shi
545
546
547
543

Sk9

550
551
552
553
554
555
$56
557
558
559
560
$61
562
563
564
565
SE6
567
568
569
570
571
572
573
ST
575
576
577
578
579
580
S8l
se2
583
584
585
586
587
588
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450 IF( NPNCH JLS« €) GO TO 450
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HRITE (64352) THETKD,RCFNODo (KSTCI) o 134, MOFNO)
HRITE(R4355) (KFINCI),I=1,MOFND)

HRITE (64357) (CHMMOD(I),1=14KLAST)
HRITE(69359) (VPPONCI)+I=1,KLAST)

WRITE (6,279) .. et e

CONTINUING FROY 350 OR 351
360 GO TO 415

HWE ARRIVE HERE IF PSTART=3 v e e erem =
400 REAQ (5,NAMS)
NRITE .(64403)
403 FORMAT (AW /777 27TH NAMS HAS JUST BEZN READ IN)
RRITE (6,NANS)

CONVERT THETKD FR0M OZGREES TO RADIANS
THETK = (3.14159) * THETXO / 160.0

CONTINUING FROM 360 GR 402
415 READ (5.NAMB).
WRITE (6,417)

%37 FORMATULH /7777 274 KARe HAS JUST BEEN READ IN)

WRITE (64NAMG)
COMPUTE YIESLC INDESEANDENT AMCLITUDE FACTORS FOR GUIDED MOGES
' CALL PIHFO-(ZSCPC:QZUBSoPOFNUOKSTQKFINOONHOD'VPNODORKIQ
LAMP JALAMFACT ¢ THITXoNPRAT)

PUNCH NAM? DATA IF NENCM GT. O .

... KLAST = KFIN(MOFAD) - e et
HRITE (7,451)¢AMB(I),I=1,KLAST) .

451 FORMAT ¢ 7H ENAMY? /7 9H ANF = .2
L 0 6X9G150%91H4e515,8,119+615.8+¢1H49615.841H, ) )
HRITS (7,452) ALAM,FACT

452 FOIMAT ¢ 14H ALAM = +G164801He 7 10M FACT 5'}615.0.1u. )

WRITE (7,455} MOFND, (KST(I),I31,MOFNOY
485 FOIMAT ¢ 10H  MOFND =,I12,1H,78H
. T8 € BXe015¢801H G158 41H00G15.891H9¢G51i5e851H,y ) )
HWRITE(T74155) (XKFIN(I) 4131, FOFND)
WRITE (7,357) (OMMOC(I) . I=1,KLAST) .
WRITZ (74359) (VPMOD(I)41=1,KLAST) i
NRITE (74279 e o U
HRITE (6+583) :
MBITE €64L521) (AMPLI) 122 4KLAST)
WRITE (6,452) ALAM,FACT
WRITE (64455) MOFNO, (KST(I),I=1,NOFND) . .
WRITE(64255) (KEIN(I)4I=1,MCFND) .
HRITE (64337) (CHMO0CI)+I=1,KLAST)
HRITE(6+359) (VPMOD(I),I=1,KLAST) .
459 KRITE (6,279) . — - L

CONTINUING FROM 450 OR 459 e e~ ;."-."_raniuj;,. -

460 GO TO 515

WE ARRIVE HERE IF ASTART=4 - e e mmmme st
$00 REAO (S5.HAM?)
HRITE (64501 . .
801 FORMATLLH /7777 27TH NARY HAS JUST 8ZEN REAOD IN)
582 KRITZ (64NANT) -

MAIN
HAIK
NAIN
MAIN

" NAIN

MAIN
MRIN
MEIN
HALIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

*MAIN

MAIN
HAIN
MAIN
MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
MAIN
HAIN

589
5a0
591
592
593

- 5%

595
596

. 597

598
599
6C0
661
602
603
604
605
606
607
6Cn
609
6110
611
6512
613
614
€15
616
617
618
619
620
622
622
623
626
625
626
627
628
629
630
632
632
633
634
635
636
637
638
639
6Ll
(-138
642
643
6Lt
€us
646
6L7
648
649
650
651
652

.
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CONTINUING FROM 460 OR 5082
515 REAQ (5,AAMS)
HRITE (6,516)
8§46 FORMATC 1H /7777 27TH NAMS HAS JUST DEEN REAO IN) . -
517 WRITE (6.NAMS)

COMPUTE YIELC DECENOENT AMPLITUDES AND PHASE TERMS OF GUIODEOD MO0ES
CALL OPANPIYIELDLMOFND9KSToKFIN9CMMODsVPNOO,
LAMPOALAMGFACT,AMFLTD,PHASD)
548 IF( NPRNT (LE. 0 ) GC 70 S80
THE RESULTS OF CALLING PPAMD ARE POINTZOD OUT 8Y CALLING TASPRY
CALL TABPRTIYIZLOsMOFNDeKSToKFIN,OMMODVONI0LAFPLTO,FHASO)

CONTINUING FROM S1% CR S28 .
$30 IFC NPNCH .LE. 0) GO TO 599

PUNCH NAM9 DATA IF MFNCH GT, O
KLAST = KFIN(MOFAND)
HRITZ (745810 (ANPLTD(1),1I=1,KLAST)
581 FORMAT ( 74 LHANY /7 124 AMPLTO = ¢/
1 € 6X9Gi5e891H9G15e891He9GL5e802H99GL5.891Hy ¥ 2
NRITE (7,582) (SHASO(I).I=14KLAST)
$82 FO2MAT { 11H  FPHASN = 7/
12 € 6XeG15:9¢1He0G15:8+24996154291H99G15¢8¢93Hy ) )
 WRITE (7.455) POFNC, IKST(I)I=24MOFND)
HRITE(7,355) (KFIN(I),1=1,MOFND)
HRITE (7.357) (CMMOGLI)I=1,KLAST)
WRITE(T,¥53) (VOFOB(I) o 1=1,KLAST)
. WRITE (74279)
HRITE (5,583)
%83 FORMAT( LH /7777 &1H THE FOLLCWING OATA HAS JUST EEEN PURCMED)
WRITE (6+4581) (ENPPLYD(I) «I=1.KLAST)
HRITE (6,5%2) (PHASO(I? I=1,KLAST) ’ .
WRITE (6.455) POFNCQ(KS"I)'I=1'"°FNO’
s . WRITE(6.355) (XFIN{I),I=21,FOFYC) - . .
- WRITZ (6,357) (ONHOD(I)'I‘ +XLAST) . K
HRITE(R359) (VPrOD(I)I=1,KLAST) '
S84 WRITE (6,279)

CONTINUING FROM 580 OR 584
$90 GO TO 615 C e

- e o Sbigupes -

WE ARRIVE WZRE IF MSTART2S :
600 READ (5,KAM9) i ewme e -
IF(NPINT oLE, 0) GO TO 615 .
NRITE (64631 :
601 FORMATCLM ///7/ 27H NANS WAS JUST BIEN RZAD IN)

- 602 WRITE (64NAH9) _ B

oo

000 00

REFEAT FOR NEXT WAVEFORM

CONTINUING FFO4 590 OR 602 e = e

615 REAQ (S.NAMLO) ‘o . :
WRITE (6,616) :

616 FORMAT( 1M ///// 28H NAPL0 HAS JUST BEEN READ IN)
WRITE (64NAM10)

e fabmma o

COMPUTATION CF WAVEFORM s
CALL TPPT(TFIRST,TEND)OELTT4RORS+MOFNDsKSToKFIN,OMNOD,VPHOD,AKI
L1AMBLTO,PHASASIOPT) ...

o To 1 coe e T T

WE ARRIVE HZRE IF MSTART 3 6,
ENOPLOYT TERMINATES THE CALCCHP TAPE FILE.
CALL PLOT(0s+049999)

CALL EXIT

END .

MAIN
HAIN
MAIN
NAIN
MAIN
MRIN
MEIN
MAIN
MATIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HAIN
MAIN
HAIN
HAIN
HAIN
MAIN
MAIN

‘MAIN

MAIN
MAIN

‘MAIN

MAIN
HAIN
HAIN
MAIN
MAIN
MAIN
HAIN
NAIY
HAIN
HAIN
MAIN
MAIN
HAIN
KAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN
HAIN
MAIN
MAIN
MAIN
HAIN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
MAIN

653
654
655
656
657
658
659
660
661
€62
663
664
€65
666
€67
668
€69
670
671
672
673
676
675
676
677
678
679
620
681
682
683
6484
685
€86
687
688
689
690
691
692
6§93
696
695
€96
697
698
699
700
702
7c2
703
706
705
706
707
708
709
710
714
72
713
716
715
116
7117
7is
719
72¢
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SUSROUTINE AAAA(OMEGA,AKXoAKY 9CoVXeVYeA) ARAA p |

¢ AAAA (SUBROUTIAEY 7725768  LAST CARO IN OECK TS AAAR 2
c . — ARAR 3
C ..o-‘astadct--’- ““ “
c . AARA S
C TITLE = AAAR ] ARAA 6
c THIS SUBROUTINE CCMFUTES THE 2~8Y=2 MATRIX A OF COEFFICIZINTS  AAAA L4
¢ IN THE RESICUAL EQUATIONS AAAA 8
¢ : ARAA 9
c O(PHIL)I /02 = (A11)%FHIL ¢ (AL12)%PHI2 AAAA 10
¢ AAAA 11
c Q(PHI2) /02 = (AZ1)%PHIL & (A22)%OHI2 AAAA 12
c ) AAAA 13
¢ DERIVED 8Y A. PIERCS, Jo COMF. PHYS.s» VOL. 1, NOo 3, 3063,-366, AdAA 14
c 1967+ (SEE ENN. (13) OF THE PAPER.) THME EXPLICIT SXFISSSIONS AAAA 15
¢ FOR THE A(I.J) ARE AAAA 16
¢ AAAA 17
¢ AlLel) = G (K/BCMI®S2 = GAMMASG/(2%C*#2) AAAA 18
c Alles2) = 1 - (C*K/BOM)*S2 AAAA 19
(] Af2,1). TCIG*K)/ (BOM¥C))I¥32 « (BOM/CI®*2 ARAA 20
¢ A12,2) = =A{1,1) AAAA 21
¢ . ' ARAA 22
¢ WHERE GAMMA=1.4 IS THE SPEZCIFIC HEAT RATIO. G=.039% KM/SEC**Z AAAA 23
¢ IS THE ACCELERATICN CF GPAVITY, C IS THE SOUND SFEE0, K IS THE AAAA 24
c HORIZONTAL WAVS NUMBER ANO B0M IS THE DOPPLER SHIFTED ANGULAR AAAA 25
¢ FREGQUENCY AALA 26
¢ AAAA 27
C LANGUAGE = FORTRAM IV (360, REFERENCE MANUAL C22-6515-4) AAAA 28
€ AUTHOR = AeD.PIERGCEs MeIoTos JULY,1368 o AAAA 29
c: AAAR 30
c wawsCALLING SEQUENCE=w== e AAAA 31
c . AAAA 32
€ SEI SUSROUTINES ELINT, MERF, NSMPDE, NHOFN  _ .. AAAR 13
¢ CIMENSION A(2,2) . AAAA 34
.C. CALL AAAA(OMZGA,AKXoAKYsCoVXoVYoAY i o . AMAA 35
c : . : AAAA 36
C NO EXTERNAL SUSRQOUTINES ARE REQVIRED . .. AAARA 3r
c AAAR k{}
c N @aeeARGUHENT LISTee=a . . AAZA 39
c Tl AAAA 40
¢ OMEGA R4 NO INO o s AAAA 81
c AKX Qvh NO INP AAAS 42
¢ AKY =LIN ND IN® - YY) %3
c c R4 ND INe . AAAL 4t
¢ vx R%G, NO INe .. - - AAAA us
¢ vy R*4 ND INF T AAAA 46
c A . Rl 2-8Y-2 OUT . e : AAAA u?
¢ AAAA 48
C NO COMMON STORAGE IS USED oo — AAAA L9
¢ AAAA 50
¢ @seeINPUTSo~~= o AAAA 51
¢ AAAA 52
.C OMZGA =ANGULAR FIEQUENCY IN RAD/SEC . FYYY) s3
c AKX =X CCMPONEAT OF HORIZONTAL WAVE KUMQER VECTOR IN 1/KM AAAA St
c AKY =y COMPOMEAT OF HORIZONTAL WAVE NUMBER VECTOR IN 1/KM AAAA 55
c c *SQUND SFEZ0 IN KM/SEC AAAA 56
c vx =X COMPONENT OF WINL VSLOCITY IN KM/SECQ AARA 114
¢ vY Y COMOONENT OF WING NSLOCITY IM XKM/SEC AAAA S8
c . e AAAA 59
c eeesQUTFUTSeem" AAAA 60
¢ AAAA 61
c AtI.d) 2(LoJ)=TH ELEMENT OF MATRIX A OF COEFFICIESTS IN THE ‘AAAA 62
c RESIDUAL ECUATIONS AS OSFINED IN THE ABSTRACT. AAAA 63
c AAAA 64
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< c : AARA
o DINENSION A(242) AAAA
> T BOMSQZ (OKEGA=AKXSVX=AKYSVY)#32 AAAA
- CsQsC*C ARAA
T I T3 (AKXS*Z4AKY*92) /80MST AAAA
SRS N A€141)%.6098%T~.006856/CSA AAAA
" C GAMMA®G/2 IS .00686 AAAL
. A(142)21,0-CSQ*T AAAA
3 AC2,1)=((96.04E=€)*T=-BCHSAI /CSO AARA
% C Gos2 IS 95.04E-6 KM®$2/SEC**b AAAA
- RL242)3-A(1,1) AAAA
- RETURN AAAA
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/ SUSRGUTINE AKI(OML,0M25A10A2,CTRIGE+STRIGY, CTRIG2s
1 STRIG2,O0ELPH, AKIINT)
AKI (SUBROUTINE) 8/15/68 LAST CARO IN OECK IS
,; Ly , . ;s o .
e=ceABSTRACT ==ew )
TITLE - AK?

EV;LU!TION OF INTEGRAL OF A{OMEGA)*COS(PHITOMEGAL) FRCM OML TG

ACOMEGA) AND FRIIOMEGA) ARS ASSUMIQ TO 8 LINSAR SETHESN
OM1 AND OM2¢ FOLLCHWING THE MZTHOD OF AKI ( Jeo GEOPHYS.
RES.; VOL. 65 (1960), ©0, 729-740 ). THE INTEGRAL IS
READILY EVALUATZD £S
(PHI®I®S (1) & (AT ¢ A%S(OM2-OML)S * SINIFHII#X)
"6 SHI®es(=2) ¥ A® * COS(PHIL ¢ X) )
| e BHI®S®(e1) * (AL = A® % (ON2 - OM1)) * SIN(PHII=X
Te BHI®ee(a2) S A% & COS(PHI = X)
WHERE o '
Al = AVERAGE VALUE OF A i3t INTERVAL
BHIZI = AVERAGE VALUE OF 94I IN INTERVAL
A® = OCA) 7 O(OMEGA)
L eeterem b PHI™ = D(FHI) 7/ DI(CMZGA)
X ® PHI® & (ON2 - OM1) / 2

A SOMENNAT MORE CONVENIENT FORMULA OBTAINABLE 8Y TRIGONO
METRIC IDENTITISS IS

cemar s AXKIINT = 2 & PHI™®%(=1) ® AL * SINIX) * COS(PHII}
o e 4.2 PHIY(-2) ‘.A“ + (X ® COS(X) = SIN(X})
® SINMPHID .

- mtraims tr w . s

WRENEVER X IS SMALL, SIAM(X)/X AND COS(X) ARE SVALUATED 8
USING THEIR POWER SIPIES REPRISZNTATIONS.

LANGUAGE. « FORTRAN 1V (363+ REFIREMNCE MANUAL C28-651%~4)

AUTHORS » A.D.PIERCE ANC J.POSEY. MeXoTes AUGUST,1968

- . A ety e st e i o

wecolSAGEe e . o <.
NG SUBROUTINES ARE CALLED ’ . R,

i s e m Ml s ose wtem s eta e mie e & s mieiamers ..

. CALL AKI(OM1,0M24A1,A2+CTRIGL4STRIGL,CTRIG2ySTRIG2,

4 DELPHLAKIINT) .
INF&?S <. : - e e e meme s
oMt . LOWER LIMIT OF INTEGRATION OVER ANGULAR FRENOUENCY
R* (RAGIANS)
onz UPPER LINIT GF INTEGRATION (RAOIANS?

AKI
AKX
AKI
Ky
AKT
AKI
[ 19¢
© AK1
AKI
AKY
AKT
AKI
(149
AKI
AL
AKX
AKI
AKI
AKI
AKI
aAKI
AKI
aKe
AKY
AKI
AKI
AKI
AKX
AKI
AKY
AKI
AKI
AK3
AKX
AKI
AK1
AKI
AXKI
AKI
AKT
AKI
AKI
AKI
AKI
AKI
AKI
AKY

T AKI

AKI
(191
AKT
AKT
(19 ¢
(334
(144
AKY
AKI
AKX
AKI
AKI
AKI
AKI
AKI
AKT

OONONVISWNG
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208 N -8l
o
o
):y 14
)
) . ¢ Re, AKT 65
! ¢ .. . AKI 66
o c AL VALUE OF A AT GMEGA = QMg AKY 67
L ¢ R4 . . AKL 68
e . c AXKI 69
. ¢ A2 VALUE OF A AT OMEGA = OM2 . T AKI 70
. ¢ R4 . AKT 71
TS A < : i . . AKI 72
T c CTRIGY COS(AII) YrERE OMEGA = QML AKI 73
3 c R%q . .. AKX 74
3 c AKI 75
- ¢ STRIGL SIN(PHI) WHERE OMSGA = OMi AKT . 76
3 ¢ R%G : AKI 144
~ ¢ : AKX 78
. ¢ DELPH . CHANGE TN PHI CVER THE INTERVAL ( PHICOM2) < PHI(OML} ) AKI 79
c R4 . . (RAULIANS) C . .- e . . AKI . 80
c . 8KI 31
. C ourPuUTS . . e e e . - I " AKI 82
A ¢ . AKY 83
j . ¢ CTRIG2 COS{HI) WHERE OMEGA = OM2 . AKL 1)
¥ c R%4 . : AKI 85
¢ ¢ o . AKI 86
A ¢ S$TR1G2 SIN(PHI) WRERE OMSGA = ON2 AKI a7
: c R*Yy ., . . AKI 83
c AXI 89
; . C.. AKIINT . VALUZ OF IANTEGRAL DSFINED IN A2STRACT IN UNITS OF AYOHEG AKX 90
A ¢ R%, . AKI 91
1 c . ) AKX 9%
c - - eeeaFRCGRAY FOLLONS BELOW=e=w oL AKT 94
c e e . AKI a5
£ ¢ et o et e e e AXI 96
CELOMAOM2~0NS : AKI 9?
£ DELAAZA2-AL oo S AKL 98
, c . . . AKX 99
X Al=(A2481)72.0 . e e . AKI 160
- X30ELPH/ 2,0 . AKT 101
: | CTRX=COS (X) . e e v—— . . e AXI 102
STRX=SIN (X) AKT 103
CTRIGIZCTRIGL*CTRX=STRIG1*STRX .« .. e e . e AKI 104
: STRIGI=STRIGL*CTX+CTRIGL*STRX AKY 105
- CTRIG23CTRIGTI*CTAX=STPIGI*SY X e e e AKI 166
STRIG22STRIGI*CTRX+CTRIGI* S, RN AKI 107
< IF(ABSIX)=1,08-2) 20,20,10 e AKI 108
‘ 10 SizSTRX/X AKT 169
$23(S1~-CTRX) 7X%*2 L . aKI 110
6o 10 32 AKI 111
4 20 S153.0-€1.0/6.015X*%24(1,0/120.0)%x%%y AKI 112
$22(140/3.03=(1,0/30.0)°x%*24(1,0/840.0)*X*%4 AKI 113
30 AKIINTZ(AI*S1%CTRIGI=0ELAA®TSLAN®0,25%S2*STRIGY) *0ZLON AKX 116
RETURN AXI 115
3 END ARY 116
i
k |
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SUBROUTINE ALLMOD{NROW4ACOLeMAXPOD s MOFNG,OMe VP oKST ¢+ KFINeOFHOD,
1 VPMOD, IMMOOE s THETK . KHOP)
ALLHOO (SUBROUTIAE)D 6/25/68 LAST CARD IN DECK IS

YITLE - 2LLNGO
PLXOGRAM TO TABULATE OISFERSION CUIVES OF UP TO HAXMOO GUICED
MODSSe ONLY FORTIONS OF CYRVES HITH OMEGA SETWZEN OM(L) AND
OM(NCOL) ANC WITH PHASE VELOCITY RETWEEN VO(NCOL) AND V(1)
ARZ TAPULATED. THE ANGULAR CESVIATION OF GROUF VELOCITY QIRSCe
TION FROM “MASE VELCCITY DIRECTION TMITK IS NEGLECTEZO.
SUCCESSIVE MOCTS MUMBERED FPOM 1 TO “MOFNC ARE EACH TAPULATED 8
CALLING SUBPCUTINE MGCSTR., STARTING POINTS FOR E£ACH MODS ARE
FOUNC BY CALLING SUEROHNTINE NXMOD3I, THE NORMAL MCOE CISFERSIO
FUNCTION (NFOF) SHCLLC BE MEARLY ZERO FOR EVERY TASULATED 901N
ON SACH DISFERSION SUFVE. THE COMPUTATIONAL PETHOD IS BASED
ON THE PREVIOUSLY CCMFUTED VALUSS OF THE NMOF SIGN

INMODE C€J=1) *NROW+1) AT POINTS (I,J} IN A RECTANGULAR ARRAY OF
NROW FOHWS AMG NCOL CCLUMNS, CIFFZIRENT COLUMNS (J) COFRESFOND
T0 DIFFZRENY ANGULAR FREQUENCIES OM(J) WHILE CIFFERENT ROWS (I
CORRESPONU TO OIFFERZANT PHASE VELOCITIES VP(I). IT IS ASSUMED
THAT VP(1) LGT, VYF(2) .GT, VFI2)y ETC. DISPEFRSIGN CURVES

OF VAFIGUS MCCES APPEAR OV THIS ARRAY AS LINES OF DEMARCATION
BETHSEN ADJACENT REGICNS WITH OPPOSITS INMODES. IT IS ASSUMED
THAT DISPERSICN CURVES SLOOE OOWHNWAROS. MODES ARE NUMBEZRED
STARTING FRCM LOWER LEFT OF INMODE ARRAY.

PROGRAM NOTES

THE ARRQAYS OFFOD AND VPMOQ ARE USZQ TO STORS OISPERSIOA
CURVES FO2 ALL THE MOCES YO CONSERVE SYORAGE., FOR THE
NMOOE~TH MOCE, VPMOD(KST(NMODZ)+K~i) IS THE PHASE VELCCI
CORRESPCNOING TC ANSULAFR FRINUINCY OF OMMOD(XKSTINMOLE) ¢+
K=i)e THC PAIR OF VALUES CORRESPONDS TO THE <=~TH T2BULA
POINTY FCR THE PODS. THZ LASY TABULATED PCINT FOR THE
NMOOE~TH MOCE IS LAJELEC BY THE PAL® VOMOCIKFIN(NMOCEY ),
OMMOQO(KFINI(MMCCE)) e  THUS OMMID(X) s VPMOOIK) FOR

K «GEos KST(NMOCS) AND K oLT, (FIN(NMODE) ODESCRIRE THE
NMODE=TH MOCE~S OISPERSION CURVE.

THE FLAG KNWOP IS NORMALLY RETURNED AT 4. HOWSVER, IF
NO OISPERSION CURVES ARE TA3ULATED, /"NOP IS RETURNER AS
- L2 18

LANGUASE = FORTRAN IV (360, REFERENCE HANUAL C22-6515<4)
AUTHOR « AeDePIERCEs MeloTas JUNE, 1958
ee==CALLING SEQUSNCEe=~-
SEE MAIN PROGRAM T
DIFSNSION 04(100) VP (103)4KST(10)4KFINC103 +0MMOO(L000),VFHOD(L000
DINENSION INMOOE10000)

DIMENSION CIVi602,VXI(13G)4VYI(160),HI(100)
THZ SU3ROUTINE USES VARIABLE DIMENSICNINGs THE ASSIGNMENTS ABOVE ARE
THOSE GIVEN 8Y MAIA CROGRAM .
COMMON IFAX,CIoVYIoVYI,HT :
ATHOSPHERIC VARIAJLES MUST BE IN CCMYON SEFORT ALLMOD IS CALLED.
CALL ALLMOD(NRCH.NCOLyMAXMOD+HOFND»OMy VO oKSToKFINe S¥HOD, VFHOCS
1 INMODS , THETK,KHWCP R
IFIKHOP  NEo 1) GO SOMZRMERE
o e==<EXTERNAL SUBRCUTINES REQUIREQes=s
NXMODE s HODZ TR e AXTPNT yRTHIoFNFO0L « FHHOD2 s NHDFN¢ AAAA s RRR s HFHNCAT o
NXMOOE AND MCOETR ARE EXPLICITLY CALLED. FHE REST ARE
IMPLICITLY CALLEC QY CALLING HMQCDSTR, FU® FURTHTZR INFORMATION
ON IBH SCIENTIFIC SURROUTING PACKAGE ©OUTINE RTHMI, SES 00CU=-
_ MENTATIOM OF MODETR. .
@cecARGUMENT L1ST-=ew .
NROW I NGO INP )
NCGL It KD  INP

ALLNCD
ALLno0
ALLMOO
ALL®0D
ALLNrOO
ALLFOO
ALLNOO
ALLNOD
ALLNMOO
aLLron
ALLNMOD
ALLNMOO

ALLMOD

ALLFOO
ALLNIC
ALLMOO
ALLNMOD
ALLNMOD
ALLNOD
ALLNMO00
ALLMOO
ALLNOD
LYRE {01
ALLNMNCOD
ALLMOD
ALLNMOO
ALLMOO
ALLNOO
ALLMOD
ALLHOD
ALLMNO
ALLNMOD
ALLMOD
ALLMOOD
ALLMOD
ALLMOQ
ALLNMNOO
ALLNOD
ALLMOOD
ALLNOOD
ALLMOD
ALLHOD
ALLNMOD
ALLROD
ALLNMOD
ALLNMOD
ALLHOD
ALLNOD
ALLMNOO
ALLNOD
ALLMOO
ALLMOD
ALLNMOOD
ALLMOD
ALLNMOOD
ALLNOO
ALLMOD
ALLMQD
ALLHOD
ALLNMOO
ALLNMOO
ALLNOD
ALLNOD
ALLNMOO
ALLMOD
ALLNHOD
ALLNMOD
ALLNGCD
ALLHMOD
ALLNOD
ALLROD
ALLMOO
ALLNMOO
ALLNMQO

DNV UM

e g
AN

-»
&

e ps g8 pa
OeNOWN

NNN NN
SN O

NN AN
@ N

[PRZ N )
oW

4
N

& N
&

(2]
oWn

€

FEPTUWLAG
HNPFOIDN

LB E AR
CCENOWVE

(LR B U RY R RY, )
~NOWMEwN++Oo

v\
O

coTrRNroO N
NPOVNSFWNrO

NN~
Nroovo

-~
& o
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MAXHOD
WOFND
oN
ve

KST
KFIN
OMMOD
vPHOO
INFOOE
THETK
KNOP

IMAX
cI

vx1
yrl

HI -
OMEGAC
VPHSEC
THETKP

NRON
NCOL

RAXMOD
oni{N)
veIN)
INNODE

THETK

InAX
cI(n
vxXIern
22328
HItD

" ——

MDFND
KST(N) -
KF INCN)

OHMOD(NY

VPHOD(N)

KnQpP
OMEGAC

VPHSEC
THETXP

!

‘v e

SUPPbSE THE TAELE OF INMCDE VALUES IS AS SHOWN BELOK WITH
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% NO ' INP et i
I% NO our .
R®4 VAR IN® )

R¥Y VAR  IN®

I% VAR  our

I%4 VAR  oUT .
R%y VAR  oUv e e e
R®y VAR  our

1% VAR INP . e e e
Wy NO IN®
I8 NO oyt

COMMCN STORAGE USED
COMMON IMAXeCIoVXIoVYIoHI+OMEGACIVPHSEC THETKP

1% NO INP

R%Y 160. INP e e e
R%4 100 INP

R4 160  INP

R, 100 INP

Ry ND CUT (USEC INTERNALLY)
R*4 ND QUT (USEC INTERNALLY)
R%  ND OUT CUSED INTZRNALLY)

csacINFUTS cas e .

RNUMEER OF R0WS IN INMOOE ARRAY, MAXINUM INOEX OF
VPIN) .

ANUMBER OF COLUMMS IMN INMODE ARRAY. , MAXINUK INOEX OF
oM INY . -

IMAXINUM NUMEER OF MOOES TO EE TABULATES

ZTANGULAR FRENUINCY OF N-TH COLUMN IN INMODE ARRAY

IOHASE VELCCITY OF A«TH ROW IN INMOODE ARRAY

Ble=1y CR 5 CZFENDING ON WHETHER SIGN OF NORMAL POO‘
OISFERSICN FUNCTION IS ¢ OR =, 5 IF NFCF DOSSNT EXIS
THE (J=1)*ASOWHST=TH ELEMENT CORRESPONIS TO NMOF WHEN
OMEGAZONM(J) o PHASE VELOCITY=VP(I).

BPHASE VELCCITY DIRSCTION IN RACIANS RECKONEGC COUNTER
CLOCKWISE WITH RESFECT TO X AXIS.

BENUMIER OF ATMCSOHERIC LAYERS OF FINITE THICKNESS

BSOUND SFEEC IN I-TH LAYER

=X COMPONENT OF WINC VELOCITY IN I-TH LAYER

2y CCMFOAZAY OF WINC VELCCITY IN I’TN LAYER
ITHICKNESS QF I-TH LAYZR

mrase s ms ey . avve e

QUTFUTS
INUMEER CF MODES FOUND
SINDSEX OF FIRST TAEULATIO POINT IN N-TH MOOE
TINDEX OF LAST TAa3ULATZO POINT IN N-TH MOJE. IN

GEMERALs KFIN(NI=KST(NsL1) =1,

TARRAY STGRING ANGULAR FREJUINCY OIVINATE OF FOINTS
ON CISPEZRSION CURVES. THI NMOCES MOCE IS STOREQ FOR
N BETWEEM KSTINMOCE) AND KFININMOOE) .

TARPAY STCRING PHASE VILOCITY OACINATE OF POINTS ON
DISPERSION CURVES. THZ NMCOE-TH MOOZ IS STOREOD FOR
N BETHEEN KST(N™OCZ) ANJ XKFIN(MMOOE).

Te1 IF NC MQDES A2E TAQULATED. OTHERWISE IT IS 1,

=TINTERNALLY USED FRICUZINCY TRANSHITTED AHONG SUIROUTI
THRCUGH CCMMON

SINTERNALLY USED PHASE VILOCITY TRANSMITTED AMONG
SUBROUTINES THROQUGH COMMON

ESAME AS THEIK

amt i - o=

wonoefXANPLEw==-

- vie e s mae- .~ e

bty NROW=6, NCOL=10 . . et .
TR Y Y X T M

. ALLNOD

ALLNMOD
ALLNOD
ALLNO0D
ALLNMOD
ALLNCO
ALLKOD
ALLNOO
ALLPKOOD
ALLNGO
ALLNCOD
ALLNn0D
ALLNOO
ALLKOD
ALLROD
ALLNOD
ALLNOO
ALLNOD
ALLNOO
ALLNnOC
ALLNOD
ALLNOD
ALLNOD
ALLNOD
ALLNOD

"ALLNOD

ALLNGOD
ALLKROO
ALLNOD
ALLNOD
ALLROO
ALLNOO
ALLNOD
ALLHOD
ALLNOOD
ALLNOD
ALLNMOD
ALLMCOD
ALLNOO
ALLMOD
ALLNOO
ALLNOD
ALLNOD
ALLNOO
ALLNOO
ALLNOOD
ALLYOD
ALLNOO
ALLNOD
ALLNOD
ALLNOOD
ALLNOD
ALLNOD
ALLNOOD
ALLNOO
ALLM0D
ALLNMOO
ALLMOOD
ALLNOD
ALLNOD
ALLFOO
ALLNOO
ALLNOO
ALLNOOD
ALLNOO
ALt00
ALLNCGO
ALLNOD
ALLNOD
ALLNOOD

76
7
78

80
11
82
83
st
85
86
87
an
89
30
9
a2
93
al
95
96
97
98
99
100
101
102
163
104
10s.
106
107
163
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
163
Lot
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;000-~-~00 IF nAX®00=10, YOU SHOULD FIND MOFNDZE.

LTI XYY YT N

. 56ttt KST(1) =22 KFIN(1) 34 OMMOC(1-36) SHOULC ®
Seectesess KST(2)25  KFIM(2)=L§ VOHOD(136) TAIUL ATE

KST{1=241 KFIN(3)=221
KST(L)222 XFIN(4)=29
. KST(5)230 KFIN(5)=34
K3T(6)335 KFIN(6)235

v emmaem e &t

,@==«PROGRAM FOLLONS BELOQN=wwe J

OIMENSION CI(100Y,VXI(4100),VYII10C)HIC1G0)
DIMENSTION OM(1) o VP(L)oKSTI1)4XFINILI) yOMMONCL) ,VPMOOLIL) » INMODELL)Y
COMMON IMAX+CLoVXIoVYI HIsCMEGAC,VOHSECTHETKP

STORE THETK IN COMMON
THETKOZTHETK

AT THIS POINT, WE HAVEN=T FCUND ANY MODES
HOFNO2Q

WE START SEARCH FOR ®IRST PCCE IN LOWER LEFT CORNSR CF INMODE ARRAY.
HE SEEK A POINT WITH INMGOE oNE. 5 WHERE THZ NMCF £XISTS.

NMODE =Y ...

KST(NMODE) =1 e

ISTENROW . .

THE SEARCH GOES TO THE RIGHT. IF HE OON-T FINO A POINT IN THE 307TTOM
RORy HE TRY  THZ (NROW~1)=TH ROWs ETCe . AT STATEMENYT 2 HWE ARE SYAFTING
AT THE LEFT QF A GIVEN RON, . ..
2 JsT=z
.. 3 J502(JIST=1) *NROW4IST
I0sINMOOE(350)
. IFLI0 .NE. 5) GO TO 10

. el et . .
[ v emrZnte le@leww Taer w0 -

)
IF JST IS NOT NCOL WE GO TO THZ RIGHT.
IF(JST .EQ. NCCL) GO TO S
JISTaJST .
GO 10 3

- .. - erleme “emae vem

AT THIS POINT WE HAVE EXMAUSTED AN EATIRZ ROW. HE GO TO THE NIXT

HIGHER ROW FROVIDZOD IST oNCe 1. IF IST 1S 1e THE ENTIRE SET OF

INMQOES ARE 5. ;

.3 IFUIST 4EQe 3) GO TO 7 e e - et e mime mbs
IST=IST-1 ot

e . 60 70 2 e e . e D cm e
. 7 WRITE (6,8} .
8 FORMAT(1H0,5IHTHE NORMAL MODE DISPIRSION FUNCTION DOES NOT EXIST
1 26HFQOR ANY POINT IN THE ARRAY /7 1H 022HALLMOO RETURNS XWQPz<})
§ KHOP==1
RETURN . L e te e mam e e s

STATEMENT 10 IS START OF LCOF. EACH PASSAGE THROUGH LOOF CORRL3FONDS

TO A GIVEN MODE.
10 CALL NXMOOE(IST+JST4NCCLINROW, INMODEIFND o JFNDIKEX)

IF YOU CANNOT FIND THE FIRST MOOE YCU ARE IN TROUBLE . e e e
IF(NMODE «NSe §} GO YO 15
IF(KEX .EQ. &) GO YO &5
WRITE (6411}

SLLMQ0
AlLNOO
Atix0a
ALLM90
ALLNOD
&LLNOD
ALLMOD
ALLMOD
ALLNOD
ALLNMOO
ALLPOD
ALLNQOO
ALLMOL
ALLNOD
ALLMOO
ALLNMOOD
ALLNOD
ALLHNOO
ALLNOOD
ALLNOD
ALLNOD
ALLMOD
ALLNOD
ALLMOD
ALL~OO
ALLHOO
ALLNOD
ALL#00
4LLN0D
ALLMOD
ALLNOO
ALL®00
ALLMOO
ALLMOO
ALLNGCO
ALLPr0D
ALLNMOD
ALLKOD
ALLNOD
ALLROD
ALLMOO
ALLNMOO
ALL~O0D
ALLHMOD
ALLMOD
ALLNOD
ALLNHOD
ALLN®OD
ALLMOD
ALLMOD
ALLNOO
ALLKOD
ALLHOD
ALLNOO
ALLR®OD
ALLFOD
ALLNOD
ALLHOD
ALLrOO
ALLPMOO
ALLNHOO
ALLHOD
ALLMCQOD
ALLNOO

145
146
147
1.8
149
150
154
152
153
154
155
156
157
158
159
160
162
162
163
164
165
166
167
163
189
170
7t
172
173
174
175
i76
177
178
179
180
121
1e2
183
184
185
186
1A7
188
189
190
191
192
1a3
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

< e e e
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11 FORMAT(1HG 4 IGHNXFOOE COULD NOT FIND THE FIRST MOODE/ iH
L22NALLNOD 2ETURNS KNOPz<-1)
GO TO 9

IF THE MOOE SOUYGHT IS NOT THE FIQST AND YOU CANNOT FINQG IT, THEN THE
RETURN IS CONSIOCERED SATISFACTORY, .
15 IFI(XEX +EQ. =1) GO TO S50

o0 O00

WE NOM TASULAYTE THE NMOCE~TH MODE
CALL MCOETR(IFMND s JFNDGAPCOZ o KSToKFIt,OMMOD, VPHMOD ¢ NROWNCOL o INMOOE
1 OHyVPKPUD) .o Cre e eaae .

IT IS OOUBFUL THAT %WUD COULD PE =1, HOWEVER, IF IT OI0 HAPPEN, WE
WOULG LIKE TO KNOW THAT IT 01D,
IF(XRUD .EQ. ) GO TO 20

HRITE (6.21) NMOCELIFNOIJFND

21 FOIMAT(IH(,23HMOCETR RETURNS KPUDL3=1,42X925HCURRENT VALUS OF NMON

1 ISe L4y 3IH, o SHIFNCZ, The34y o SHIFNO=e 14/ 1H (27HSEE COCUM
SNTATION OF ALLMOC) . :

[ X X2

ao’

WE KEEP NHOOS THE SAME ANC TRANSFEF COKTROL TO STATEMENT 35
GO T0 35
30 MDFND3FOFNO®1

THIS IS THZ CURRENT AUMEBER CF MOOES FOUND.
WE NONW CHECK IF THIS IS PAXFOO. IF IT ISe VTHE RETIURN IS WITH KNOPsi,
IF(MODFNN .lQ. MAXMOD) GO TO S0 .
NMODE=NNCDE +3
KSTINMODE) 2XFIN (NMOOL-1) 43

[+ XX 1]

oo’

WE SEEX MEW IST AND JST BEFCRE CALLING NXMOOE.

35 J523({JFND=1) *NROWCIFNO ,

.« I03INMODE (J52) C e ——— e s
IFCIFND «E76 1) 6O TO &0

L

C NE CMECK INMODE OF POINT AEGGVE
J32(JFHN=1) *NRONSIFND=1
IUPSINNODE (J3)

¢ e neser e v A Gtiamene e nans

c

€ IF THIS IS ~I0y THE FOINT ABOVE IS THE ONE OESIRED
IFC(XUP oNE. =103 GO TO 60
ISTaIFNO-1

JSTFYFND . e - . - -
GO t0 10 e e .

. ——

¢ .
C WE CHECK INMODE OF POINT TC RIGHT, THIRE IS NO PLACE TQ GO IF JFNO=
C.NCOLe THIS IS INTEPORSTED AS SUCCESS PRIVIDING MOFND NE. 0.

&0 IF(JFND .NE. NCGL) GO 1O &3
GO T0 50 . i emaeernemm me ot et ¢ emmee ces
e . o N
C IRT IS INMQOE OF PCIANY TO RIGHT __ ¢ s esete e e =
J3 LIFNC)*NEOWSIFND
— IRT2INFODE(J4) ~———ceramien
IFCIRT oNE. =10) GO TO 50
.- IST=IFND = - e - .
JST2JFNO*L
G0 70 10 e e aen

c
C, THE SEARCH Has TERMINATEC. IF MOFND=0, WE HAVE BEEN UNSUCCESSFUL.
S0 IF(MOFND .£Q. 0) GO TO 9 .
KNOP=1
RE TURN
END

AtLNCO
ALL®00
ALLROO
ALLNCOD
ALLPrQO
ALLNOCY
ALLNOO
ALLPOD
ALLNOD
ALLMOD
ALLROD
ALLNGO
ALLYOO
ALLNOO
ALLNOD
ALLNMOD
ALLNMOD
ALLMOD
ALLKOO
ALLMOD
aALLNOO
ALLNOOD
ALLMOOD
ALLROD
ALLMOG
ALLKOOD
ALLNMOD
ALLNOD
ALLFOO
ALLNOD
ALLKOD
ALLROD
ALLNOO
ALLNOO

. ALLNOO

ALLNOD
ALLMO0
ALLNOD
ALLNOD
ALLNHOD
ALLNOD
ALLMOD
ALLNOO
ALL®OO
ALLMOG
ALLNT0D
ALLHOD
ALLNOD
ALLNOO
ALLNOD
ALLNOO
‘ALLROD
ALLNOD
ALLNOO
ALLNCO
ALLNMOO
ALLNOD
ALLNOD
ALLMOD
ALLHNCOD
ALLHOD
ALLNOD

~ALLHOO

209
210
21
212
213
236
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
(233
232
233
234
235
236
237
238
239
240
241
242
243
24k
245
246
r{¥
aus
249
250
254
2s2
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
274

O
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SUBROUTINE AMBNT (Z,PRESUR. )

ANMINT (SUBROUTINE)

TITLE = AMENT

PROGRAN NOTES

SEE SUBROUTINE PAMPODS

4 R,
PRESUR R*G
X I%

COMMON STORAGE USED

NO
NO

. NO

eaes ARGUKERT LISTooe=

INP
qur
QuY

COMMON IMAXsCIyVXI4ZVYIWHI

INP

INAX 1% NG

3 R 100  INP

VX1 Re6 160 IN®

vvI R*Y 100 IN?

H R 100 INP
.--'IN’U'S."-

R SHEIGHT IN XN

ANANT

7727768 LAST CARD IN DECK IS AMENT

ccecABSTRACT=c=e i

THE A®QVE EQUATYIOM FOLLOWS FROM THE

LANGUAGE = FORTRAN IV (360, REFERENCE MANUAL C22-6515-4)
AUTNOR - AOD'PIEQCE' f'oxtfo' JULV.l‘)&O

eeweCALLING SEQUZHCEma=a
DIMENSION CICL00),VXIC490) ¢ YT (1003 J4HICL00)

COMMON IMAX4CIoVXIWVYIWHI
CALL AN3NT(Z,PRESUR,I)

(THESE HMUST BE STORED IN COMMON)

e ® PR

we=<EXTERMNAL SUSROUTINES REQUIREQwe==~
NO EX}ERNAL SUBROUTINES ARE RSQUIRED.. . Cmien e -

(NCT USED 8Y THIS SUSROQUTINE)
(NCT USEDQ 8Y THI5 SUSROUTIAE)

AMBNT
AMBNY
AMBNT
ANENT

« THIS SUSROUTINE COMFUTES THE AMBITRT PRESSURE IN CYNES/CM®*2 ANANTY
AT A GIVEN ALTITUDE Z KM SY USE OF THE EQUATION

ANANT
AMBNT

.bRESUR % (1.E6) *EXF(~INTEGRAL FROM 0 YO 2 OF GAMMASG/C*%2) ANANT

AMENT

. WHERE 4,56 CYNES/CH®*2 IS THE AMSIENT PRESFURE AT THE GROUND., AMONY
GAMMAZL .4 IS THE SPECIFIC HEAT PATIO FOR AIRs G3.009R8 KM/SSC®® AMANT
.1S THE ACCELERATION OF GPAVITY, AND C 1S THE ALYITUDE DESEN
SOUND SPEED IMN KM/SEC.
HYOROSTATIC SCUATICN OCPC)I/02 = <G*RHOQ AND THE IO;AL GAS LAW AMANT
Co82 = GAMHASCE(/RHO0.

CEN AMANT
AMBNT

AMBNT
ANENT

THEZ SOUND SPEED PROFILE IS THAT OF A MULTILAYER ATMOSPHERE ANO AMONT
IS FRESUMED YO OE STCRED IN COMMOM BEFORE EXECUTION. THE
PROGRAM ALSO STTURNS TME INOEX I OF ¥HE LAYER IN WHICH Z LIES. AMBNY

AMANT

ANBNT
AMBNT
AMENT

IN THE EVENT THAT THE IMPUT - VALUE OF Z SHOULD BE NEGATIV AMENT
THE FIRST LAYER IS ASSUNED TO HOLO FOR Z .LT. 0 WITH
AMDIENT PRESSURE STILL EQUAL TO 1.56 AT ZI=y.
RETURNS PRESUR «GT. 1,E6 AND I=i,

THE AMSBNTY

THE PROGRA AMBAT

AMBNY
ANMSENT
AMBNT
AMBNT
ANBNT
AMONT
AMBNTY
AMBNT
AMONY
AMBNT
AMENTY
AMBNT
AMONT
AMENY
AMBNT
AMSNT
AMSNT
ANANTY
AMBNT
AMBNT
ANSNT
AMBNT
AMENT
AMBANT
AMONY
AMONT
AMENTY
AMBNT
AMONT
AMANT
ANENT
AHBNTY
ANSNT
ANBNT

DANPOARFUN»
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INAX ENUMPER OF ATMOSOMERIC LAYZRS WITH FINITE THICKNESS
cItD 2SOUND SPESD (XM/SECI IN I-TH LAYZR
¥XI(D) 2X CCMFONENT OF HINC VILOCITY (KM/SEC) IN I-TH LAYER
WD 2¢ CCMPONENT OF WINC VELOCITY (KM/SEC) IN I-TH LAYER
MICI) 2THICKNESS IN KM OF I-TH LAYCR
| eeesQUTFYTS=as= . . ...
PRESUR SAMBIZNT PIESSURS IN DYNIS/CM®*2 AT ALTITUDE Z
1 SINOEX OF LAYER IN WHICH Z LIES
| eweePROGRAM FOLLOWS BELOW=e=we=
OIMZNSION &ND COMMON STATEMENTS
OIMEMSION CI(L0C) VX1(100),VYI(100),HI(100)
COMMON 1FAXsCIoVXIoVYIGHI .
THE FINAL VALUZ OF ENPON WILL OE THE INTEGRAL FROM 0 TO Z OF
«GANNA®G/C®*2. THE FUNNING VALUZ WILL BZ THZ SUBTOYAL.
ENPON2040
THZ RUNNING VALUE OF I WILL BE THE LAYER SEING CONSICERED
12
T LIZS IN LAYER 1 IF IMAX=0.
2720.0
IFCINAX EQ. O) GO TO 30 "
TOF OF FIRST LAYER e e e
I .
TMS START OF & LOOP. THE CURRENT 27 DENGTES THE TOP OF THE I~TH LAYE
10 IFC Z +GT. 27 ) GO TO 20 C e e — e
Z LIZS IN I-TH LAYER ) Lo .
2T-AICI) IS HEIGHT OF BOTTON OF I-TH LAYER
Z~ZT4HI(1) IS DISTANCE OF 2 ABOVEI S0TTOM OF I~TH LAYER
ENPONZSAFIN=104% (e GOSE/CICI) #9219 (Z~2ZT+HILI))
12 GO TO 40 . e
Z LIES AGOVE TOP OF I-TH LAYER N o
20 ENPONICAFON=1.4%(.3098/CL(1)%2)*HI(T)
THE CURRENT ENPON 1S THE INTZGRAL OF ~1.43G/C**2 UP TO THE TOP
OF THE I-TH LAYER -
I=zleg PSR I S
IF(I .GT. IMAX) GO TO 30 )
2TR2THHIC(D) v e me Getems aeema s
IT IS THE TOP OF THE NEW I~TH LAYER - . .
G0 YO 10 e e
ENO OF LOO® : - .
2 LIES IN UPEER HALFSPACE A
30 ENPONXENRON=1.4%(.3098/CI(I)*%2)%(Z~2T) el )
CONTINUING FROM 12 OR 30 e e e

&0 FRESURZ1.E6*EXP(ENOON)

RETURN
END

o e A At

AMENT
AMANT
AMBNY
AMBNT
ABBNT
AMENT
AMBNY
AMBNT
AMBNY

"AMBNT

ANBNT
AMBNT
AMBNY
AMBNT
AMBNT
ANENT
AMBNT
AMENT
AMBNT
AMENT
AMONT
AMBNT
AMENT
AMBNT
AMBNT
AWENT
AMBNT
AMONT
AMBNT
AMBNT
AMBNY
AMBNT
AMBNT
AMENT
ANBNT
ANBNT
AMBNY
ANSNT
AMBNT
ANRNT
AMBAT
AMBNT
ANBNT
AMBKRT
AMBNT
AMENT
AMBNT
AMENT
AMBNT
AWBNT
AMENT
AMBNT
AMBNT
AMANT
AMENT
AMEBNT
AMBNT
AMENT

111
112
113
114
115
116
117
118
119
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SUARQUTINE ATHCSCT ) VKRTXLVKNTY 3214 WANGLE ¢ WINDY LANGLED ATHOS 1
] ATHOS (SUBRVUTINE) 6719768 LAST CARD IN DSCK IS ATMGS 2
¢ . . r .. ATHOS 3
c ATHOS Y
¢ =eecABSTRACT ==~e N ATHOS s
c - . ATHOS 6
c . L. . ATHOS 7 -
€ TITLE = ATYMOS ATHOS e.
c TABULATION CF WIND VELOCITY CCMPONENTS AND SPEED OF SCUND FOR ATMCS 9
c ALL LAYERS OF MDOEL ATMOSPHERES ATNOS 10
c ATMOS 11 .
, ] THE MOOEL ATMOSPHEOE CCMSISTS OF UP TO 100 ISOTHERWAL ATNOS 12
# ¢ LAYERS (THE TCF LAYER 9CING INFINITE). EACH LAYER MAY  ATNOS 13
<, c . HAVE A UNINUE TCMPEQATUSE, THICKNESS ANC WING VELOCITY. ATNCS 16
3 c SUBROUTINE ATHMOS CONVERYS AN INPUT DSSCPIFTION OF THE ATHOS 15
: ¢ ATHOSFHERE™S FROPIFTIES INTO ONZ HQRS APPROPRIATE FOR TH ATMCS 16
3 c CALCULATIONS TC FCLLOW (SUCH AS EVALUATICN OF THE NORMA ATHOS 17
: . ] MOUE CISPZRSICN FUNCTION IN NMOFN, OESCRINED ELSEWHERE I ATHOS 18
3 c THIS SERIES). ATNOS 19
: ¢ . ATNOS 20
C LANGUAGE = FORTRAN IV (360, REFEREANCE MANUAL C23-6515-4) ATNOS 21
A ¢ ATMOS 22
i .C AUTHORS e AsD.PIERCE ANC JoPOSEYs MeIaTer JUNE.1968 ‘ ATHOS 23
2 ¢ . . ‘ ATHOS 24
DU ¢ . . . ATMOS 25
i c ecacalJSAGEsvw= ATHOS 26
¢ : ATHOS 27
c IMAY HUST BE STORED AS THE FIRST VARIAELE IN UNLASELEDS COMNON WHE ATMCS 28
1 € °  ATMOS IS CALLEC. e . . - - ATMOS 29
! (] . ATHOS h ]
; ¢ NO FORTRAN SUSROUTINES ARE CALLEO. ) ATHOS ]
1 ¢ . ATHOS 2
€ FORTRAN USAGE . ) . ATMOS 33
- ATMOS 36
c CALL ATMOSIT,VKNYX,VKNTYoZIsNANGLEsWINOY LANGLE}  __ ATMOS 35
] ATHCS 36
C INFUTS . Soe . e e e e s ATNHOS 37
¢ T : ATHOS 38
c INAX NUMBER OF LAYERS CF FINITE THICKNESS IN THE RQOEL ATMOS- ATHOS 39
¢ 1% PHERE. ( 1.LE.INMX.LE.99 ) ATHOS 40
e - ... ATHOS 41
c -7 T(I) IS YEMPERATUSE OF LAYER I IN MOOEL ATMOSPHERZ. ATMOS . &2
¢ R*4(0) (DEGREES KELVIN? . . . ATHOS “3
; c ATMOS “
) c VKNTX VKNTX(I) IS WIND VELOCITY COMPONENT IN X~GIRECTION (WEST ATMOS us
¢ R®4(0) TO EAST) FOR LAYER I. (KNOTS) ATHIS 46
¢ ATMOS ur
€ - VKNTY VKNTY (I} IS WINC VELOCITY COMPONENT IN Y-CIRECTION (SOUT ATMOS X )
(] R*L(D) TO NORTH) FOR LAYER I. (KNOTS) . e ATHOS 49
c ATNOS $0
c - ZICI) IS YHE HEIGHT ABOVE THE GROUND OF THE . TOP OF LAYER ATHOS s1
c "R%LC01  I. (KM} ATMOS 52
(4 ) ATHOS 53 .
3 i c WANGLE WANGLE (I} IS WIND VELCCITY CIRSCTION FOR LAYER I, RECKON ATHOS St
¢ R*4,(0) COUNTER CLCCKWISE FROF THE X~AKIS. (DZGREES) ATHOS s5
[ ATHOS s6
(4 WNINDY WINDY(I) IS MAGNITUOS OF WIND VELOCITY IN LAYER I. ATHOS s7
- | € R0} (XNOTS) . ATNOS 58
: ‘ ¢ . ) I e—mtimr . ... ATHOS 59
EL s c LANGLE SPECIFIES WHICH SORT OF WIND DATA IS INRUT, ATMOS 60
2 C - -I% IF LANGLE.LE.J , VKHNTX AND VKNTY ARE INFUT. _ | ATHOS 61 .
. ¢ : IF LANGLE.GT.0 « WANGLE AND WINDY ARE INPUT. ATHOS 62
c ) A s ol e - - . ATMOS 63
g € OUTPUTS ATMOS &b
3 c THE QUTPUTS ARE STORSO IN UNLABELED COMMGN IN THE FOLLOWING  ATHOS 65
c ORNEP, BEGINNG IMN FOSITION 2. ATHOS 66 -
3 ¢ CICL00) oVXI(LID) o VYL(L0C) HI(L00) e ATMOS 67
- c . ATHOS 68
: c (34 CICI) IS rHE SFEED CF SOUND IN LAYER I OF THE MODSL ATMO ATMOS 69
- ¢ R*4(D) PHERS, ( KM/SEC ) ATHOS 70
3 i
]
3 .

[V g — = e K s oS,
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X1 VXI(I} IS WINC VELOCITY CON'ONENT IN X-CIRECTION (RESY L4

R*L (D) EAST) FOR LAYSR I. ¢ KP/SEC )

vyl VYI(I) IS WING VELOCITY COMPONENT IN Y-CIRECTION (SOUTH

R*6(0) TO NORTH) FOR LAYER I. ( K/SEC)

HI HICI) IS THE THICKMAESS OF Li;;' To € KN

R*%0) . . -

wweaPRCGRAM FOLLOWS BELOWHe==-

OIMZNSIOMN CT(100)4VXI(130) VYT (1000 ,411200)

DINENSION T(100)4VKNTX (10004 VKHTY(100) » 1 (100)
DIMENSTON WANGLE(100)4KINOY(100)

COMMON IKAX¢CI,¥YXIoVY¥IoHI

JET IS TOTAL NUM3ER OF LAYERS.
. JET = INMAX & 3
IMAX 3 JET = 2 .
IF (LANGLE .LE. 9) GO TO 20 ...
03 = 3,1415927 7 180.0
03 IS THEZ NUPFBSR OF RAOIANS IN A OEGRES

IF VKNTX ANG VKNTY MERE NOT INFUT, THEY ARE NOW OZTERMINEO FROM WINOY

AND WANGLE.
00 5 I3%.JET
VRNTXCI) = WINCY(I) * COS(CI*HANGLE(I)) -~
8§ VKNTYII) = WINOY(I; *® SIMN(OISWANGLE(I))
*20 04 3 2.k * 8,3144 * 0,001 7 2940 ‘.
02 IS THE NUPBER OF «H/SEC PEZR KNOT.
.02 = 0.0005348

- - . .-'1.—\. DECIRTS

00 30 I = $,JET

THE SPEED OF SOUND = ( GAMMA ® P 7/ RHO ) FOR PERFZCT GAS, AND ¢ P/RHO

= (R*T)
R IS
- CI(I) 3 SOV (D1TLI))
€ 02 ® Y(KNOTS) ) = V(KM/SEC)
WAZEI) T 02 % VKNTX(D) .
SU VYICI) = D2 * VKNTY(ID) e
_IF( IMAX oZQe G) RETURN  ._ _ . - .
NI(L) = 2I(1)
IF(INAX «SN. 1) RETURN o
00 40 I=32.IMAX T
&3 HI(I) = ZI(I) = 2ICI-1) - oo
RETURN ]
END_ R

e e es et @y

THE (UNIVERSAL GAS COMSTANT)/Z(POLECULAR WEIGHT)

-

ATMOS
ATHOS
ATMOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHCS
ATKOS
ATHOS
ATHOS
ATHOS
ATHOS
ATMOS
ATHOS
ATHOS
ATHOS
ATHOS
ATNOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATNOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATNOS
ATHOS
ATNHOS
ATHOS
ATHOS
ATHOS
ATNOS
ATHCS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS
ATHOS

o o e e o
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SUBROUTINE BB
£883 (SUBROUT

TITLE - 8098

THIS SUSR0

Piz 1.0

- ARZ COM3UT

ANO SAI(X)

WITH v=SQR

LANGUAGE - FORT
AUTHOR = A0

SEZ SUIROUTINE EL
Xs=
CALL B289(X,"

CAI, SAI

x R4
R ey
R2 ey
*3 Re6

NO CCMMON STORAGE

SESAItL.0%X)

ceecABSTRACT=~me

R2= (SINH(2Y)/2Y « 1.6)/77%%2

- WHERE ¥= SCRTIX).
ANALYTIC CONTYINUATICA.

~-90~

00 (XeR19R24R3)
INEY . 7725768

UTIMNE CCMFU

SSINH2Y) 7 €2Y) T

R3= (COSH(2Y)=1.0)/7%82

ABLE 8Y THE POWER SERIES -

LAST CARD IN OZCK IS

ety e - v e

TES THPEE FUNCTIONS R1,R24R3 OF A VARIABL
Xe THESZ ARE DEZFIMNEC FOR X +GEs 0 DY THE FORMULAS

FCRMIJLAS FOR NEGATIVE X MAY SE O3TAINZD BY
FOR SMALL VALUES OF Xeo THE FUNCTICNS
R1x 2 ¢ 4X/{3IFACT) +(LX)¥*2/7(5FACT) + (LX) SE3/(7FACT) 4eee
928 L/(IFACT) ¢ 4* (LX) /(SFACT) 4 L (LX)*%2/(TFACT) 4o
I3 L/7I2FACT) ¢ 4% LX) /ZULFACTY + H% (LX) *22/7(6FACT) 4eee

THE MANMNE® IM WHICH THESE PAOTICULAR FUNCTIONS ARISS IN THE
THEOSY COMZS FROM INTZGRATICAS VSR VASICUS PROLUCTS OF CAItX)

o IN PARTICULARy FOR X POSITIVE,

P12z (2/YVC(INTEGRAL ON Y FRCM O TO Y OF (COSH(Y))*e2)

T(X)

R2x (2/Y**2) (INTEGRAL ON Y FROM 0 TO ¥ OF (SINH(Y))**2)
R3I= (L/Y®*2) (INTEGRAL ON Y FROM § TO ¥ OF SINA(Y)SCOSHIY))
THE CORREISFCADING FCRMULAS FOR X NEGATIVE CAN

9E 09TAINED BY REPLAICING SINP AND COSH BY: SIN ANC COS. RESPEC~
TIVELYs AND BY PEINTERPRRETIM Y AS SCRT(-X).

QAN IV (260, REFERENCE MANUAL C22-6515-4)

PIEPCEs MaleTes JULY(1968

e==eCALLING SEQUENCE===-

INY

19R2,R3)

-

avesEXTERMAL SUBROUTINIS REQUIREQ=w=~

esecARGUMEAT LISTesew i

NOD IN® R

ND ouT___ . . -

ND our -

NOD oy . . . _ ___.
1S USED

eecsPROGRAY FOLLOWS BELOH- -~

D - e e

BeB3
sees
8ses
eeps
8aes
8088
sees
8889
8ass
6288
8AAd
8988
tees
3.} 1
(d:2:1]
aese
essgs
8nas
seae
aess
29888
8869
:1.]-1. ]

- seee

asee
enos
8868
9899
gaen
0889
8e99
8989
saas
sess
aaps
sesge
0808
sess
sesd
sens
8280
8399
sess
8ags
sens
seos
8898
8893
ges8
8e38
8ens
swes
8ee9
eens
L1:2:1:)
8eo9
8969
88a"

o 00 10 16 A 05 A bA B4 B4
OONOVEUWUNFOYVONYNO VNI UWN®

N
"o

N NN
HOQQONIVEWN

[ 2
wnN

(2K 37 N’ ]
~owns

SN
X XV-X- 1

sSreEorr
VNS uUN

F R AUEURURUEY LIV R 8 KA
BNVNORTUNIDOOON

"
o

oo
ruaunro




IFCABSIX) oGTe 1.E-2) GO TO 3
(4
C COMPUTATION FOR SMALL X

-91-

R222,0373404(2.0/15.0) %X+ (4e0/315.0)*X*%24(2.0/9.012%*%3/315.0

R3=2, 002.0')(/3.'306-O'X"ZIBS_.002.0')(”3/315.0

GO 10 &

¢
C COMPUTATION FOR X NOT NEAR ZERO
3 R2=(S-1.0)/x
R3IZ(CAI(Le0*X)=1.0)/X

c
C COMPUTATION CF R1 FOR AREITRARY X
4 R131.0¢S
RETYRN
END
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G0 000000 ANHNDOOOHABDONOONOOOHOOOOO00

c

LlNGhIGE - FORTRAN IV (260, REFSRENCE MANUAL Co2-65L5~4D:

X IS LESS THAN O
10 CAI=COS(SART(=X))

C X IS GREATER 02 EQUAL TO 0 .. . e e e
11 ESEXP(SQRT(X)) .
€ THZ $YPIPBCLIC COSINE IS CCMPUTED

-92~

FUNCTION CAI(X)

CAZ CFUNCTION) "7 T T ps25s68 LAST CARD IR 0ZCK IS

<

aeecABSTRACTo=en S

TITLE - CAlL

PROGRAM TO EVALUATE FUNCTION CAI(x} FOR GIVEN VARIASLE X.
"IF X IS NIGATIVI, CAI(X)= COS(SART(=X)). IF X IS BOSIVIVE,
CAX(X)= COSH(SORT(+X)). THE FUNCTION IS ALSG REFRESENTASLE
8¢ THE PONWER S&UES

CAIIXI® 3 & X/(2FACT) & XSS2/(LFACTE ¢ X®®3Z(GFACT) ¢ oos

AUTHOR = AJDJPIERCE, MaIoTee JULY»1968

ee=oCALLING SEQUENCE===~ e
CAL(ANY P*4 ARGUNENT) PAY BE USEC IN ARITHMETIC EXPRESSIONS
" aweEXTERNAL SUBROUTINES REQUIREQ==—
N0 EXTERNAL SUBROUTINES ARE AEOQUIRED . |

eem s sesiiesomene e mtmer b a ar e v ete e

waeeARGUMENT LIST=sem _

.S R%4 NO INe o s s e ——t + e
CAT R*Y NO out T )

NO COMMO STURAGE IS USED

- “tes wee o

eeaePROGRAY FOLLOWS BELOWe===

- - . - . s emaan “ee -

. .
IFIX oGE. 0400 68 TO 81 . .. ... Tl ae e

RETURN L. e e e

et e Ve @ ccmmmeetccamuiomiim WS e -

CAI=0,5%(E+1./E) L ) . .
RETURN . - e ——- R

. e -

"eag

cat
Calt
CAY
CAl
Calx
CAlx
CAl
CAlL
cal
CAl
CAlL
CAl
CAlL
Cat
CAX
CAL

CAL -’

Ccal
CAl
cAl
CAZ
CAI
ces
CAL
CAX
cAl
CAT
CAI
CAl
cAl
cal
CAI
CAL
CAT
cAl
cat
CAl
cal
CAT
cAl
CcAL
CAL
CAL
CAL

_CAT

VO NOVIF N -
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SUBROUTINE DADCR(OMEGA+AKX4AKY Lo VX9 VY, 0A00M,0A0KX s CADKY)

OAOQR (SUBROUTINE)

TITLE - OADOR

ccacfABSTRALToe=e

MCCIFIED 7/81/74 LAST CARD IN DSCK IS NO.

THE FUNCTION CF THIS SUIROUTIANE IS TO COMPUTE THE COMPCNENTS
OF THE MATRICES 0ADCM,040KXs AND DADKY HMICHM PEFRESENY THE

PARTIAL OSRIVATIVES OF THZ MATRIX /
COMPUTED RY SUIROUTINE AAAA.
CADOM IS THZ PARTIAL CERIVATIVE
OADKX IS THE PARTI2ZL DERIVATIVE
OAOKY IS THE PASTIAL OERIVATIVE
LIKE Ay ALL ARE 2-8Y-2 MATRICSS.

HWHICH HOULO BE

MATRIX OF & WRT OMZGA
FATPIX OF A WRT AKX
PATIIX OF A WRT"AKY

LANGUAGE =~ FORTRAN V (UNIVAC 11GS8,PEFERENCE MANUAL US=P536°REV, 1)
AUTHORS « ALLAN Do PIERCE, CHRISTOFHZIR KAPOL Ry . GoloTee JULYy 1974

. weesCALLIAG SERUENCE=e=e

SEE SURROUTINE

coMPX

BIMSNSION D12,2) ¢0ADCHM(242)40ANKX(242),0ANKY (2,27
CALL DAQOQR(OMCEGL AKX 9&KY 9CeVXoVY9DADOM, DAOKX+3ADKYY

NO SXTERNAL SURROUTINES RESUIRED

OMEGA .
AKX
AKY
c
X
vy
0AOOM
. BAOKX -
nat Ky .

@owa ARGUMENT LISTenee

R*4 NO INP
Re4 ND INP
R*4 NO _  INP
R4 NO INP
R*4 ND IN®
R4 NO NP

R*Y 2-eY~2 Our
R%4 2-BY-2 OUT
R* 2=-pY~2 ourt

NO COMMON STORAGE USED

OMECA
AKX
—— AKY

vx
vy

CADOM(I,J)
0ADKX (I,J)
BADKY (I.JE

.. =eeaINPUT e ==~

TANGULAR FRZINUENCY RAD/SEC

evemn s wprmemre -

- v e - e seem

32X COMPONENTY OF HOFIZONTAL NAVE NUMBER VECTOR
3Y (OMPONELT OF HORIZONTAL WAVE NUMQER VECYOR

SSOUND SFEEL: IN KM/SEC
22X CCHMPONENT OF WINC VELICITY IN XH/SEC | | .

3Y COMPONENT OF WIND VELOCITY IN XM/SEC

~eeeQUTPUTS=eou

=(I+J) =TH ELEMENT OF DAOOM MATRIX

S(I,d)=TH ZLEMENT OF DAOKX

MATRIX

IN L/KNM
IN L/KM

=(TyJV=TH ELENINT OF OAOKY MATRIX

*=*«PROGRAN FOLLOKS OBSLOWew==

DADOM, 0ADKX,0ADKY ARE MATRIX DERIVATIVES OF A WITH RESPECT TC

oaone
NAQNR
JADOR
OADC®
DADQR
OAOIR
DAGQR
OAONR
BAONR
DADAR
DAOD?R
DANNR
0ADQP
pAOR®
DAONR
DAOCP
QAUNR
NADAR
04021R
040CR
DAQNR
OAQGR
0A0GR
oAoNR
DACAR
040R
oALGR
0a0n"?
0404
OADQR
0A0QR
0ACQR
o] Telsig
DAOQR
DALQR
0ADGR
0ACCR
0A0QP.
OAONR
OACAOR
DAOR
DAOAQP
0402R
BADOR
0409R
DADNR
04012
04020R
DAONR
DAOQR
0AOQR
DAOQR
OAOQR
BAONR
OADQR
capnGR
DADAR
QADRR
DADAQR

BBINONES KN

1

sy

bt o6 Kothe o b el
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ONEGAIAKX¢AKYs HWHERE A IS AS COMPUTED 8BY AAAA.
OCIMENSION 0(2.2).OADOH(Z.g).Caaxx(Z.Z)oDAOKV(Z.Z)
€sasCeC

C(1,1)=,0098
0(1,2)==-C3N
0(241)3(96.0LE~6)/CSQ
0(2+2¥3-,G098
QOHSOH‘GA-aKXUVX-AKY‘VY
BOMSO=ROM**2

¥ IS AXSQ/30MS0
0700""2.6‘(ﬁKX"ZOAKY“Z’/(BOHSC‘BOH’
DTOKX2=CTDOM* VX 42 0 *AKX/7BIMSN
OTOKY==-0TDAM*YY+2, 0‘£K7/“UHSQ

“ m eer eraema s aan v. an an

‘00 90 I=1,2

00 90 J=1,2 N cemm da—e s
DAOOM(T+J)I20TOCHYD(I+J) .
DADKX (Io4J)=0TOKX*D(I44)
DAOKY(I,J)Z0TOKY*D(IJY
THE ABOVE ELEMENTS ARE CORRECT EXCEPT FOR (241} ELEMENTS
XAT=2,0%00M/CS"

XAY IS THE DERIVATIVE WITH RESFECT T0 OMEGA OF 80NSG/CSQ
OADOM(2,1)=DA00OM(2¢1) =XAT

DADKX 2421 =20A0KX(2+1) ¢ XATSYX e memie e vome -
DADKY (2,1 )=DAOKY(201) ¢XATHVY *
RETURN .

END

" wmre sasema v

oAQQe
DADGR
oaONR
0AOQR
DADOR
0AQC®
OADIR
0AOQR
OADOR
OAONR
0OADOR
DADGR
OADOR
0400R
OADCR
OAQQGR
04A0QR
0ADGR
OADNR
OAOQGR
0AQGR
DADIR
0ADOR
OADQR
oaoQR
DAQAOR

60
61
62
63
64
65

67
68
69
70
71
T2
73
74
78
76
7
78
79
a0
L3
82
83
.1
85
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SUNROUTINE NDFICP CONEGA ¢ AKX+ AKY ¢GToRPZoA¢CoV¥ X VY »OFQQN,DFOKX ,CFOKY)OFOAR

OFOBQR

TITLE - OfOQR
THE NORMAL MOCE- OISPIPSION FUNCYION COMPUTED v SUBRQGUTINE
NMOFN IS COASIOZRED A FUNCTION OF OMEGA»AKXy ANN AXY,
THIS SU3IPQUTINE CCMFUTES. THE CARTIAL OERIVATIVES QF FPP WITH
RESPECT 7O CHIGA,AKXy AND AKY RESPECTIVELY.
CFOOM IS THE PARTIAL DERIVATIVE
OFOKX IS THE PARTIAL DERIVATIVE
OFOKY IS THE PARTIAL DZRIVATIVE

OAOQR,ORCQR, (ORCAR CALLS OMDQR)

. OMEGA
AKX
AXY
¢l
c

vx
vy
A

RPP
0FDOM
0FOXX
OFOKY

OMEGA
AXX

AKY

6r ...

c

vx .

vy
RPP{I4J)

AlIsd)

OF0ONM

eoncABSTRACT=coe

eeeaCALLING SSOUENCE====

SEE SUSROUTINE COMFK '

DIMENSION 200(2,2) 4 CAOCK (242) ¢ CACKX (242) ¢ OADKY (2,20
OIFSNSION D2DOF (2421 +GROKX (2420 «D20KY (292) 44 (242)
CALL OFOCR({OMSGA (AKX sAKY ¢GI+RPPeA¢CoVXeVYyOFDOMsOFOKXsOFOKY)

sewaEXTERNMAL SUBROUTINES REQUIREQ====

*=wsARGUMENT LISTowos

R*Y
R*Y
R*4
R*6

L R%

R4
%
R*y
R*,
R%Y

L34 TN

R*%Y

(SURROUT INE)

NO
ND
ND
[]¢]

MO |

NO
NO

2-8Y-2
2-8Y-2

ND
NO

. NO
NO COMMON STCRAGE USED

MCCIFIZN 7784774 LAST CARD IN CECK IS NO,

LANGUAGE =~ FORTRAN V (UNIVAC 13108,REFERENCE
AUTHORS = 4.0+ PIERCEe CHRISTOPHER KAPPER, Goxoio"JuL'O 1974

INP
INP
INP
INP

INP |

Ine
INe
INP
INP
our

- oUTY

ouT

eeeeINPUTSe e

ZANGULAR FREQUENCY
=X COMFONEAET CF HCRIZONTAL WAVE NUMHBER VECTOR IN 1/K
3¢ CCMFONEAET CF HCRIZONTAL WAVE NUMAER VECTOR IN 1/K
*PAPAMETER FOR DETERMINING GU IN UPFER WALFSPACE
2SOUND SFEZC IN KM/SEC
.2X 7CMPCAEAT OF WINC VELOCITY IN KM/SEC. . _ .
3Y COMPONEANT OF WINC VELOCITY IN KM/SEC
2(I,J)=TH ZLIMENT OF MATRIX RPP CONNECTING
SOLUTIONS OF THE RESIOUAL £QUATIONS AT THE BOTTOM OF
THE UPPER HALFSFACS TO SOLUTIONS AT THE GROUND,
2(I4J)=TH ELEMENT OF- MATRIX A

oceesQUTFTIS*nwa

=PAPTIAL DERIVATIVE OF FFP WRT OMEGA

GF FPO HRT ONEGA
OF FRo WRT AKX
QF FPP HRT AKY

‘MARUAL UP=7536 REV. 1)

OFNQR
OF0OR
OFO0R
OFOQR
OFOQR
OFONR
OFCOR
DFDQR
OFOQR
DFDAR
OF0QR
OFDOR
DFOOR
OFDQR
OFONR
DFONR
OFO9IR
OFOOR
DFOQR
OFOOR
OFONR
OFCAR
0FONR
OFONR
DFONR
OFD3R
OFOGR
OFOQR
oFnge
OFDIR
0FNCR
OFONR
OFDIR
0FOgR
OFONR
grFene
OFONR
OFONR
DFONR
DFO9R
0FDIR
0FOMR
OFONR
OFONR
OFO0IR
DFOQR
OFONR
OFONR
oFONR
OFDAR
OFDNR
DFOAQR
OFO0QR

_DFONR

OFOQR
OF 0QR
OF 0GR
OFDNR
OF0oQR

. OFOOR

OFOQR
OFO0QR
OFDQR

OCRNONE WU
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] . OFOKX SPARTIAL CERIVATIVE OF FPP MRT AKX . . OFO¢R &S
c OFOXY SPARTIAL GERIVATIVE GF FOP WRT AKY OFOOR 66
c . . ’ e e s amenan e DFOIR 67 '
c weesPROGRAN FOLLONS BELOWe=<== oFNCrR 68 .
(-~ . OFOOR 69
DIMENSION A(242) +DADOP (24239 DACKX (242) ¢ DAOKY (2423 OFOQR 70
DINZNSION RPP(242) 9DROCH (2420 ¢ BROKX (2929 9CIOKY (242) OFOR 71
GUs=GI OFONR 72
CALL DAGORIOMEGA ¢AKX+AKY sCeVXoVYsDa00Ms DADKX+0AOKY) OFOGR .13 iy
DGDOH'(Z.G‘I(ioI)‘OlDOH(lai)7A(1o2)‘DADO"(Z.l'OI(2.1)‘0!00"(192)) OFOQR Th
1(2.0%6W) OFO0QR 75 .
060KX’(Z.0‘A(1.1!‘DADKX(1.1)0‘(1;2)‘0&3&X(i'1)OA(Zoll'OAOKxfloZ)) OFONR 76
1€2.,9%60 0FOQR 144
. OGOKYSQZ.O‘A(ioii‘DADKY(1.1)¢A(1.2)‘GIDKY(zoi)OA(ZoI)‘DAOKY(ioZl) OFOCR 78
1(2.0°60) ) . OFOOR 79
CALL OROORIOMEGA AKX oAKY 4RPP 42+ CROOMsDRIXXy QROKY) OFGCR a0
c CF IS PLe1)1%AL1,2) =R (1,2)%(CUACL4L)) OF00R 81
0?001*0?005(1.1)'A(loZb‘C’ﬂOHli'Z)‘(GU*A(xct))0RPP(1.1"0!00P(1.2 OFOQR 82
.§'RPP(102)‘(OGOOHOOAOOH(ioI)) . OF09R a3
OfﬂﬂxtﬂROKx(1'1)'A(1'2)'CQOKX(1.2"(GU#A(t.i))’R’Plloi)‘DADKX(%.Z NFOCR 8k
1oRPP(1,2)%({0GOKX+DADKX(1411) oFQnR 8s
DFOKY'OQOKV(ioi"A(1,2)°0ROKY(1.2"(GUOA(1-1)’ORFP(1.1"DAO&Y(I'Z)DFDGR 86
1=RPP(142)*{0GOKY +0ADKY(1+8)) . OFofnR a7
RETURN ornnae L L]

LEND 0FOOR 89

———

-
$ a—
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SUBROUTINE OMONRCOMEGA s AKX +AKY oCoVX oVY oHeA ¢S P ONOOM o GHOKX o ONEKY)
OMDGR (SUBROUTINE) MCOIFIED 7/11/7% LAST CARD IN OECK IS NG.
cnesARSIRAC T~ v
TITLE - DMOQR .
© THE FUNCTIOM OF THIS SUSROUTIAE IS TO COMPUTE THZ COMFONEATS
OF THE MATRICES CMOCF.OMOKXe AND CHMOKY WHICH REFRESENT THE
PARTIAL OSRIVATIVES OF THZ EM MATRIX WHICH WOULO 8E
COMPUTEDN BY SUBRONTINE MMMM,
OMDOM IS THE PARTIAL DERIVATIVE MATRIX OF €M WRT OMEGA
. OMOKX IS THE FAITIAL DSRIVATIVE MATRIX OF SH WRT AKX
COMOKY IS THE FARTIAL DEFIVATIVE MATRIX OF M HWRT AKY
MATRIX EM IS ALSC CCHPUTED IN THIS S'YBROUTINE. °
LANGUAGE = FORTRAN V (UNIVAC 1108.REFERENECE MANUAL UP=7536 REV.1)
AUTHORS = ALLAN O FIERCE,CHSISTOPHER KAFPER, GeleTey JULY, 1974
| eweeCALLING SEQUENCE=~==- -
SEE SURCYTINE COMPK
CIMENSION A(242) 4EM(242) ¢OMDX (242 DMION 242D ,0MOKX (242)
OINZNSTON DMOKY (242)9CACOMI242) 9 CADKX (2420 o DANKY (242)
CALL OMOCRIOMEGASAKX 3 AKY ¢CaVXeVY o HoAeEMOMOOM,DNNKX ¢ DMOKY)
ecacEXTERNAL SUBROUTINES REQUIREQw=ee '
OAOORCAISAT = i e e e
' “eecARGUNINT LISTeewe TTTm o
OMEGA Re4 NO INe ) Tt Tm T
AKX R™ N0 INe s LT el
ARY R*%  NO e . .
. € R*s  ND IN e o )
X R% ND INP
vy . R*% ND INP .
) R*S  NO INP
A R%  2-BY=2 INP .
1 ReY 2-8v-2 our
oMDOM R*& 2-8Y-2 OUT ___ et e+ et
ONDKX R4 2-8Y<2 OUT
OMOKY R*4 2-eY-2 oUT et e
NO CCMMON STGRAGE USED . e
woealNPUTSe=m=~  _ _. e h e rmaere
ONEGA =ANGULAR FRECUENCY SAD/SEC
AKX X COMPOMENT OF HOPRPIZONTAL WAVE NUMBSR VECTOR IN 1/KM
AKY 2 COMPONZAT OF.HORIZONTAL WAVE NUMBER VECTOR IN L1/KN
¢ =SOUND SPEEC IN KM/SEC
X 2X COCMPONEAT OF WIND VELOCITY IN XM/SEC
vy 2Y COMPONEAT OF WING VELOCLTY IN KM/SEC
L STHICKNESS IN KM OF LAYZR
Y3 I%1) 2¢T,J)=TH ELCMENT OF MATRIX A FOR UHS
ceesQUTFYTS~=aw R
€M 32-8Y=2 TRAASFSR MATRIX WHICH RELATES THE SOLUTICNS
OF THE RESIGUAL ENUATIONS AT THE TOP OF A LAYER

YO THOSE AT THE 80YTOM OF THE LAYER,

OMOAR
GMOQR
oMo
omnne
onone
oMONR
onoaR
onOAR
OMORR
OMDAR
oMoNR
OMOOR
DX0IR
OMOCR
OMNOR
DMOCR
OMOCKR
OMOQR
OMONR
onceR
oNDaR
OMONR
0MDQR
OMDOR
OMOCR
OMOTR
ONOOR
OMDGR
onMpne

‘OMDO%

oMONR
nMocr
omoge
OHOQR
OMO%R
OMOIR
oNogR
OMOOR
oMONR
ONDAR
OHOOR
OMOQR
OMOCR
OMONR
ONOQR
OMDQR
OMD2R
LD
OMDOR
OMOCR
oM0QaR
OMOCK
OMOD2R
OMDQOR
OMOQR
OMOCR
OMDOR
OMOAR
oMON?
OMDOR
OMOCR
oMOIR
OMOIR
OMDOR

13

X
NHrOORNONS LN»
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e T O R R AR DR S, M er s

parer R AN

OMOOM(IoJ) =(I,J)=TH ESLEMENT OF MATRIX OMOOM OMO2R
CHOKX(IeJd) =2(I4J)=TH ELIMENT OF MATRIX OMOKX DMDIR
OMOKY (ZyJd) =(T9J)=TH ELEMENT OF MATIIX OMOKY’ oMnoR
oM00R

we=sPROGRAM FOLLOKS BELOW=wea OMODCR

. OMONRR

OIMENSION EM(202V,0MEX (2420 ¢OMECM (242 ¢ CMOKX (2420 yOMDKY (2420 OMOIR
DIMENSION A(242) 4DACOMI242)4DADKX(242) 9DADKY (242) OMDOGR
CALL DADQR(OMEGACAKXsAKY ¢CoVXeVY+DADOH, BADKX ¢ DADKY) ONMOGR
HSQ=xH*HY OMDOR
XBCACL01)%%20A0142)%A(241))%HSO ON0IR
CA=CAI(X) oMOnR
SA3SATI(X) — OMORR
DCAIXx®0,5%SA oMngR
Y®ABS(X) & o, DMDOR
IFIY=1,0E=2) 3,3+4% e OMONR
DSAIXN21.0/9.0¢X/780,0¢X*%2/71680.0¢%X**3/79G720.0 <y DMAGR
GO 16 5§ . ., 0MD9R
0SAIX=0.5%(CA=SAY/X - o oMONR
GEM3IH*DSAIX OMONR
D0 20 I=1,2 OMDCR
80 20 J=1,2 DNDGR
DHDX{IvJ)==GTH*A(I D) OMDQOR
00 30 1=1,2 oMonR
OMOX(I.I1=0MOL(T 1) +0CALIX ° OMDQR
OXOOM=Z(2.C*A(1+1)*DA00N (14114401420 %0A00M(2,10¢A12,1)%0AC0OM(1,2)3 OMCAR
1H4sQ oMNNR
DXOKX=12.0%AC1+1)%DADKX{2+1) +ALL42) *0AOKN (241 4A(2,1)*DADKX(1,2)) DONMORR
1HsSQ bLIsDES
DXOKY2(2.0%A (L41)%0A0KY (1420 9A(1,2)%0A0KY (242)4A(2,1)%DA0OKY (1,2)) DMDQR
1HS9 e e oMpeeR
TaHsSA OMDGR
D0 30 I=g,2 - oMOGQR
00 90 J=1,2 OMDNR
OMDONC(IJ)=DPOX(T4J)*0X00M=-T*0ADOM(TJ) oMOQe
OMOKX (T o J)ZOMOX (T J) *CXTKX=T*NACKYX (L 4J) OMOGR
OHOKY (T4 J)S0MOX (19 J)*DXCKY =T*0AOKY (I4d) oMDQR
EN{I4JIZ=T*A(I,J) OMOGR
00 190 I=1,2 oMoaR
EM(T I)=EM{T T)+CA OMDNR
RETURN 0MOCR
END OMDIR

65 “
66
67
68 .
69 .
70 :
71
[£4
73
6
75

77
78
79
80
81
82
83
84
85
86
87
88
a9
a0
91
92
93
al
as
96
97
93
99
100
10t
102
103
104
105
106
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SUBROUTINE ORONP (OMEGAAKX ¢ AKY ¢RP Py A4 OROOMe ORNK X+ DROKY)

DROGR

OO OHOOOOO

(SU3ROUTINE)

MOOIFIED 7/11/74 LAST CARD IN ODECKX IS NG,

.

eeeeABSTRACT ===

TITLE - DRGGR
THE PURPOSZ OF THIS SUBROUTINZ IS TC COMPUTE THZ COMFONENTS
OF THE MATRICES CROGMJOROKXe AND CROKY WHICH PEFRESENT THE
PARTIAL OCRIVATIVES CF THE RFF MATRIX WHICH WOULD RAE
CAMFUTED RY SUSRCUTINE PPRR.

CRIOH IS THE PARTIAL DNSQIVATIVE MATRIX OF QFP WRT OMEGA
DRAKX IS THE PARTIAL DZRIVATIVI MATRIX OF JPP WRT AKX
CROKY IS THE PARTIAL OSRIVATIVZ PATRIX OF RPF HRT AKY!

C LANGUAGE « FORTRAN Vv (UNIVAC 1108, REFIINCE MANUAL UP=7535 REV. 1)

C AUTHORS = A,0¢ PIERCEs CHRISTOFHZIR KEPOERy GeleTee JULYy 1974

-

OMEGA
AKX
AKY
rep

A

OROKX
OROKY

INAX
cI
.. WX
vrl
MI.

ONEGA
AKX
AXY
RP®

'
»

OMOQR C(OMDIR CALLS CACLRHCAILSAD) e n

OROOM

eo=sCALLING SEQUENCEw===

SEE SUBROUTINE COMFK
OIMENSION CICL10G)VXICILIVYI(100)HI(100)
CIMENSION APO(2,42) 4A(242)4CP00M(242)+1920KX(242) 4 0R0OKY (242)
OIMSNSION SMC242)4OMCO0N(S42) ¢GMOKX (I3 +OMOKY (242}
OINMENSION UPP(242)40PF(242)4ATINT(242)
COMNOM INMAX,CILyVXIoVYIGHI

. CALL OROGPR{OMEGA+AKX ¢ AXY 4RPP4A+CFDOI4sBROKX s OPOKY)

~es=EXTERNAL SUNPOUTINZS REQUIPEQ====

ee=eARGUMENT LISTesne

R*Y ND IN L L T e
R%Y Ne NP . . “ .
R%Y NO INe e e

Rey 2-0Y-2 INP
RS 2=@Y¥=2 INP |
ReY 2=-BY-2 QuT
R*%% 2-0Y-2 oNurT
R% 2~8Y-2 oUr

COMMON STORAGE USED
COMMON INMAXsCIsVXIVYIGHI .- e e e

I, NO Ine | - -
R*& 100 INP

R*4 100 INP .
R%4 100 INP

R*% 100 " INP -

ara g
P . ommmmr ey e

ve . ===nINPUTS====~ o et 2

TANGULIR FREQUENCY RAD/SEC

=X COMFONEMT OF HORIZ20MTAL WAVE NUMBER VECTOR IN 1/KM
37 CCMPONENT OF HORI20NTAL WAVE NHUMBIR VECTOR IN L/xM
22«8Y=2 TRANSFER MATSIX HWHICH CONNICTS SOLUTIONS

OF THE RESICUAL ZQUATIONS AT THE BOTTCM OF THE

UPPER HALFSPACE TO SOLUTIONS AT THE GROUND.

EMATOIX A OF COEFFICENTS

coweQUTFUTSwemn

v

ORNOR

ORCAR

orann
OROSR
DROIR
nroge
orane
grAane
OROGR
ORNIR
gRone
OPONR
ORONR
OROCR
OROCR
ORDIR
OROQR
ORDAPR.
ORONAR
orRNNR
DROQR
0RONR
0R0n0R
0RDAR
ORONQ2
ORONR
DROGR
D20GR
0PDNR
ORO%GR
ORONR
ORrROQR
ORONR
oRoge
oPoQRr
OROLR
OROAR
ORCCR
0RONR
ORONR
DROMR
DROGR
OROCR
ORONAR
OROGR
OROQGR
OROMR
oe0eR
DROCR
oRrRONR
OROAR
OROQPR
ORONR
ORrROCR
orONP
orRGQ®
DROAR
OrRCNe
LA DES
ORONR?
0RQGQR
OROCe
0PQOR
ORDOR

IR T e, e :\”’u{’ TR e e T R TR A R TR S N

P T

00 0 A 4A pa 00 po pb 00
DBNOVISUNFOYOINO VNS WNS

~N N
"o

22




oy
v

OO0 O

10

13

30

&0

50
100

OROOM(I,J) =(I,J)=TH ELSMENT OF MATRIX OROOM
OROXX (IeJ) (I J)=TH ELEMENT OF MATRIX OROKX
DROKY (IeJ) 2{I,J}=TH ELEMINY OF MATRIAL OROKY -

«w=ePROGRAY FOLLOWS BELLOWe===

OIMENSION CI(100),VXICL1000,,VYIC(L00),HICL00)

DIFENSION ROP(2,2)38(2,2)¢C3004(242)4,DR0KX(2+2) +OROXY (2,2)
OQINENSION EM(2,2)+0MC0OM(292) yOMOKX (242)90MIKY (242) :
OIMENSION UDS(2+2),DPF(2,2)+4AINT(2,2)
COMMON IMAXsCIoVXIWVYIGHI

00 10 I=1,2

00 10 J=1,2

OROOM(I¢J)=20.0

DROKX(XI,J)=0.0

OROKY (I.4)=0.0

UrotL42)=1,0

UPP(1,2)=0.0

upPe(2,11=¢.0

UPP(2,2)=1.0

00 15 I=1,2

00 15 J=31,2

DPO(I¢J)ZROO(I W)

00 100 J=1,IMAX

IsINAX 4L -4

csCI(I)

VX3VYXI(I)

vYsvYI(I)

NEHI(D)

CALL O”OQR(O*'GAoAKX,ﬁKY'COVXQVY'HvA'E"OUHOOHODHGKXoONOKY’
NULTIPLY 020 TIMES THE INVERSZ OF EM
‘INf(lvl)3095(1'1)“V(3'2)'0?9(102"-H(201,
AINT(142)2=0PO (141 )%EM(1+2)4005(1,2)4EM(2.1)
AINT(2,1320PO(Z,1)%EM(2,2)=0ND2(2,2)%2M4(2,1)
AINT(242)==0PP(2,1)%CH(142)40PB(2,2)%ZH(1,1) . ..

00 20 II=1,2

00 20 Ju=1,2
OPOLII+JUIZAINT(TIJI)
00 30 I1I=1,2

00 30 JJ=1.2

00 30 KX=1,2

00 30 tL=1,2
OROOM(IIJII=CROCHIIT+JI)¢OFOIITKKI*OMOOMIKK,LL)*UFPILLJI)
OROKX (TI+JJ)ZDROCX (I oJJYSOOF (I K<) *04ORX (KK LLY*UPP(LLJJ)
OROKY (IIJJ) S0ROKY(IIoJJ) *0PPITIXKX) *DMOKY (KKyLLY*URPP(LLsJS)
00 40 II=1.2

00 43 JJ=31,2 .-
lINt(II.JJ)-EH(II.l)'UPPti.JJ)OEﬂ(II.ZD‘UPP(Z.JJ) *

00 50 II=1,2

DO 50 Ju=1,2
UPBIII+JJISAINT(IINJI)
CONTINUE

RETURN

Cwe P e ] - .

RS . o aas - e

. ¢ W meis Besmme e mnevm s iee 2 Sem

ORNNR
ORONR
oRoNR
OrRN0R
0R00R
oROCR
ORCCR
02009
ORDCR
ORONR
ORDIR
0200R
0R0Q?
oRrnOCe
OROGR
0ROQR
oR00R
OROYR
DROGR
OROOR
OROCR
oRo0e
ORONR
OROD®
oROSR
DROCR
ORONR
DRONR
DRONR
DPOGR
ORONR
ORUOR
DROOR
ORO?R
OROOP
OROGR
02092
OROAR
OROOR
0R00P.
OROQR
ORONR
0R002
OR0AR
ORI2R
ORONR
OROQR
OROCR
ORDQR
OROQR
ORONR
OROQR
OROIR
OROAR

65
66
67
68

70
71
72
73
74
75
76
7
78

en
81
82
83

1
85 -

86
87
1.}
39
90
91
az
93
96
95
96
97
98
99
100
101
12
103
104
1065
ic6
107
108
109
110

111,

112

113,

114
115
116

117

118
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A

. . N
SUDROQUTINE ZLINT(OMEGA +8KX sAKY 9CoVXoVYoHoFIH,F2H A1 A2, ATNT)
ELINT (SUBROUTINE) 7725768 LAST CARD IN 0zZCK IS

cvasABSTRACTwmms

TITLE = ELINT

THIS SUBROUTIME CCMFUTES THE INTEGRAL
AINT = INTEGRAL OVER Z FROM 0 TO M OF
CALPFL(Z) ¢ A2%F2(2)11%%2 1

THE FUNCTIONS FL1(Z3 AND F2(2) ARE THE SOLUTIONS OF THE CQUPLES
OROINARY OIFFERENTYAL EQUATIOAS

OF1/0Z = A11%F1 ¢ A12eF2 . 2
OF2/0Z = R21%F1 + A22%F2 . 2

WHERE THE ELENMENTS CF THME MATRIX & ARS INNSFIAQENT OF Z.

FOR GIVEN SQUAD SFEZO Cy WIND VZLCOCITY COMPONENTS VX AND VY,
ANGUL AR FREQUNENCY OQOMIGA, ANG WAVE NUMBER COMPOMNENTS AKX AND AX
THE aA(l.4) ARE COMFUTZID QY CALLING AAAA, THEZ SOLUTICN TQ THZ
OIFFZRENTIAL EQUATIOAS IS FIXED 8Y SPEZCIFICATION OF Fi AND F2
AT Z3H.

PROGRAN NOTES

THE GENERAL SCLUTION OF ENNS, (23 1s

FLIZ) = CAT(XISFLIH)~{(4=Z)*SALAXI*LALL14FL(H)+AL2%F2(H
e F2Z) = CATUX)SF2(H)I=(H=2)*SAT(X)*A21%F1L(H)+A22%F2(H

- e

WNITH X=(AL119%242124221)%(H=2)*482 SINCE f22=-411. HE LET

R1 T (INTEGARAL OF (CAI(X))*e2)2(2/4)
P2 I(INTEGRAL OF ((H<Z7)®SAI(X))*%2)¢(2/H"*3)
.~ R3 TCINTEGGAL OF ((H=Z)*SAT(XI®CAL(X)))*(4/H**2)

WHERE TN EACH CASE THE INTZGRATION IS QVER Z FRCM 0 TO M
THE QUAANTITIES Ri.R24R3 ARE COMFUTED B8Y CALLING ea88.
THEN

)

AINTI(H/2)#(FPL)®82%0 4 (HP43/2)#(FP2)482%R2
=(H®32/72) 2 (FPLI* (FPRI*R]

HITH T ' ‘
—— " . FPLT ALSFLIH)4A2%F2(H)
FP2z AL® (AL1"FL(H)SAL27F2LH) I +A2*(A21*FL(H) $422%F2 (H)

THE LATTER THC QUANTITIES REPAESENT THE COSFFICIENTS OF
PR L CATIX) ANO (HeZ)®SAI(X) IN A1%F1leA2°*F2.

g LANGUAGE ~ FORTRAN IV (360, REFERENCE MANUAL C22-6515-4)

c

OO OO

AUTHOR ® AcDePIERCEs MeloeToo JULY»1968
———— e . we==CALLING SEQUENCE=~w-~
SEE SUBIOUTINE TGTINT

NO OIMZANSION STATENMEATS RENUIRED
CALL ELINTIOMEGA AKX gAY qCoVXaVY oH,FIHF2H) AL, A2, AINT)

eeaeEXTERNAL SUBROUTINES REQUIREQ~==-

ELINT
ELINTY
ELINT
ELINY
ELINT
ELINT
ELINT
ELINY
ELINT

-ELINT

CLINT
ELINY
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINY
SLINT
SLINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
SLINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINTY
ELINT
ELINT
ELINT
ELINT
ELINY
ELINT
ELINT
ELINTY
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
CLINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINY
ELINT
ELINT
ELINT
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C(ALOFL(2) +A24F2(2))1%%2 AHERE FL1(2) AMNOD F2(2) ARE
ECUAL ", FiM AND F2H, RISPICTIVELY, AT THE UFPER
- LIMIT AND SATISFY THE RISIOUAL OIFFERENTIAL ENUATION

—— =e=<PROGRAN FOLLOKHS BELQW=<e=

-102-
c AAAA, EECB
c
c ~eewARGUMENT LIST=wee i
c
c OMEGA R%Y MO IN®
c AKX R¥% ND e
¢ AKY R Ho IN®
c c . R*4 NO INP
c X R*y NO INP
¢ vy R*4 ND IN®
c H R4 NO INS
¢ FiM R¥G NO INP
c F2H R%4 ND INP e .
c AL . Re4 ND INP
c A2 R*4 NG INP
¢ AINT R*4 ND our
¢ )
C NO CCMMON STCRAGE USED
¢ Yt e e
e -o-.x"’uts----
¢
e OMEGA TANCULAR FRZOUENCY IN RAOIANS/SEC
e AKX 2X COMFONENT OF WAVE HYHAER VECTOR IN KM®¥({~1)
c AKY Y CCHMFONENT OF WAVE NUMAER VECTOR IN KM®*®(=1)
c c 2SOUND SPESO IN KM/SSC ]
c VX 2X COMPONEANT OF WINC VELOCITY IN XM/SEC
- vy 3Y COMPOMSNT OF HWINC VZLOCITY IN XM/SEC
c Y] < =INTEGRATION IANTIRVAL (LAYZ® THICKNISS) IN KF
¢ FiM ZVALUE OF F1(7) AT USSZR LINMIT OF INTEGRAL
¢ £21 =vALUE OF F2(2Z) AT UF®ZR LIFIT OF INTEGRAL
cC _ AL ICOEFFICIENT OF FL(Z) T% INTZGRAND
[ a2 =COEFFICIENT OF F2(2) IN INTEGRAND
c , .
c' ceccQUTFUTS=o=a
t ..
¢ AINY 2INTEGRAL OVIR HEIGHT WITH RANGE H OF THE QUANTITY
c
c
¢
c
c
c

OIMENSION A(2,2)
CALL AAAA(OMEGA ¢AKXeLKY yCoVXsVY4eA)

rme vwe et e .

C COMPUTATION CF FPL AND FP2
. FPLZALSFAIH+AZSF 20

FP2IAL*(A(L L) PFIHFACL,2)%F2H) +A2% (A(241)%FLIH®R(2,2)*F2H)
c
€ COMPUTATION CF COEFFICIENTS CF R1,R24R3
S120.534FPL1es2
$220.5%(H**3)2FP23¥82
- S$32=0.5% (H**2) *FPLsFP2 ..
c

C COMPUTATION CF Ri,R2,.3
XECA(L91)%%2+4A(1,2)%8(2,1))%H*s2
CALL B89B9(XyR1,R24R3)

c

€ COMPUTATION CF AINT
AINT=S4%R1¢S2%R2+S3I*RJ
RETURN
END

ELINT
ELINY
ELINT
ELINT

- ELINY

ELINT
ELINTY
ELINT
ELINY
ELINY
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINTY

. ELINT

ELINT
ELINT
ELINT
ELINY
SLINT
EL INT
ELINT
ELINTY
ELINT
ELINT
ELINT
ELINT
ELINTY
ELINY
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
EVINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINY
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT
ELINT

65
66
67
68
69
70
71
72
73
74
75
76
7
78

a0
81
82
83
84
45
86
a7
83
89
20
91
92
91
9%
95
96
97
98
99
1c0
101
1¢2
103
ich
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
12¢
121
122
123
124
125
126
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C OMEGA AND THETK O3TAINED FRCM COMMON

FUNCTION FNNMOOL(V)
FNMOOL (FUNCTION)

TITLE - FNMODL
PHASE VELOCITY

NNDFN IS

THE ONLY CUTPUT 1S

DRNPSN

ceeeANSTRACT~vm" DS

77 eeeePROGRAM FOLLOWS SELOW===="

. —— - . . e - an * men o cemsn— b - .o e

-103~

D 6713768 LAST CARO IN C2CK IS

EVALUATATION CF NORPAL MOOE OISPESRSION FUNCTION AS FUNCTION OF

v

THE NOPRPAL MCCE DISOERSIOM FUNCYION CEOENCS ON THREE VAR
ABLES, ANGULAR FRINUINCIY OMIGA, PHASZ VILCCITY Vo 4ANO
OIRECTICN OF SIOPAGATION THETKe. FNFODL ONTAINS V THROUG
ITS ARGUMEINT, ONMZISA ANC THZTK F0QM COMMON. SUBROUTINE

THEM CALLSD TO EVALUATE THE FUNCTICA. (SEE

PIERCEs JoCCOFF,EUYSICSy FEB, 01957 Po343I=3E€ FOF DSFINI-
TION OF NORMAL MOUS DIS3ERSION FUNCTION.)

LANGUAGE = FORTRAN IV (360y REFSRENCE MANUAL C28-651%5-4)
AUTHORS « AdD PIERCE ANC Jo°%0SEY, MeIeTays JUNE,L1968

wasalJSAGEsace

OMEGA MUSY BE STCREL IN WORD POSITION 402 OF UNLABELED COHMON, AN

THETK MUST 85 IN POSITICN Ll | . .
FNMOGL CALLS SUASOUTINS NMOFN WHICH CALLS AAAA- AND RRRR. QRRR
CALLS AAAA AND KMMM. ALL THESE SUBROUTINES ARE GESCRIZEC ELSE~
WHZRE IN THIS SERIES. ..
CALLING SEQUENCE ' L
COMMON CML(402) o CHIGA,CM2, THETK L
. OREZGA = XXX
THETK = XXX i e e
vV = xxx
FUNCTN = FNHMODL (V) SO S —
INFUTS e e e
v PHASE VELOCITY (KM/SEC).
R%4 .
OMEGA AMGULAR FREQUENCY (RACIANS/SEC). R
R*4 — e
THETK PHASE VILOCITY GIRECTICN MEASURED COUNTER-CLOCKHISE FRGOH
R*4 X=AXIS.
QuTPUTS . C e e e

THE VALUE OF THE NORMAL MOCE CISFERSTON FUNCTIO

FOR THE VALUES OF Vs OMEGA, AND THETK WHICH HAVE BESN INPUT.

-~ —— - tarma v

OIMENSION CICL0C) o VXIC200)VYI(10G), MI(200)

COMMON IMAX,CIoVXI

OMEGA=0OMEGAS

CALL NMOFN(OMEGA Vo THETK4LoFOO,KY = _ |

FNMOD1=FPP
RETURN
ENO

sVYI+HIsOMEGACVPHSECs THETK  _

s

FNNOOL
FNFCOL
FNRCNY
FNHODL
FNNODL
FNPONL
FNNCOL
FNMGOYL
FNRCOL
FNRGDYL
FNMQOL
FNMODL
FNHOO1
FNKOD1
FHMODY
FNMCOL
FNMOOL
FNMOOL
FNNONL
FNNGOL
FNKGOL
FNNODL
FNROOL
FNPOCL
FNMODY
FNM0OL
FNNODL
FNRCOL
FNNODYL
FNKOOL
FNNODL

FNRODL .

FNMOOL
FNMOOL
FRRODL
FNMOUL
FNRCOL
FNM00Y
FNrOOL
FNNHODL
FNrOOL
FNROOL
FNNCOL
FNrONY
FNNOOL
FNROOL
FNMODL
FNNODY
FNNCOL
FNMCOL
FNNMODL
FNMODL
FNHODL
FNPOOL
FNHODL
FNNCDL
FNMOD1L
FNMOCY
FNMOOL
FNNODL
FNNOOL
FNHODL
FNNODY
FNNOOL
FNNODL
FNMODL
FNNODL
FNGDL
FNMOOL
FNMODL

OENORNS WN




TITLE = LNGTHN
Niei ROWS

LANGUAGE
AUTHOR

FOITRAN USAGE

INFUTS

. R t0Y

-

i 2
"
K

INMODE«

Dl

ooononooooooonoonooooonoonnoooooooooooooooooooooaoooooonooononoadoo
. - .

bk

i {4

SR

S I Bty
H oo ow S

~ YHE QUTFUTS ARE NVPP (= NVP + KL)

“'.'VALUES OF INMODE AOT VALIO == FOR ILLUSTRATION PURPOSES ONLY

-104-

SUBROUTINE LMGTHN(OMy Vo INMCDE «NOF 4NV NVPP, N1 oKL o THETK)
LNGTHN (SUBROUTIME)

7743768  LAST CAPOD IM 0ZCK IS

awecABSTRACT<one ) L

LENGTHEN THE ®ATRIX INMOODE BY ACOING KL RONS SETNEEN THZ ML AN

LNGTHN A00S kL ELEMENTS TO THE VECTOR OF PHASE VELOCITI®
. ¥V » OIVIOING THZ INTERVAL 3ITWEEN VINL) AND VINI+1) INTO
KL+4 EOUAL PA3TS,
IS ACDED TO THE INMODE MATRIX (DEFINED TN SUBROUTINE
HPOUT) .

FOR EACH NIN PHAST VELCCITY, A NEW RO

INMCOE IS STORED COLUMN OY COLUMN IN VECTOR FOR

« FORTRAN IV (363, REFERENCE MANUAL C29-6515-4)
* JoH.POSZY,

MeleTes JINESL1568

‘o--.us‘cﬁonqn

.

OMeV,y INNCDZ MUST 93 OIFSASIONED IN YHE CALLING PROGRAM
NMOFN IS ONLY SURROUTIME CAHLLED

CALL LNGTHN(OMo Vs INMOTE ¢ NOMo AVPoNVPPoNL ¢ KL THETK)

oM VECTOR WHOSE ILEMINTS ARE THE VALUES OF ANGULAR FRE~
QUENCY CORRESFONOING TQO THI COLUMNS OF THE INMCGE MATRIX

v VECTOR WHOSE ELEMENTS A9E THE VALUES OF PHASE VELOCITY
R*4(0) CORRESPOMDING TO THE Y0NS OF THE INMODE MATRIX.
INMOOE EACH ELEMENT CF THIS MSTRIX CORPESZONOS TO A POINT IN TH
T%L(0)  FRENUENCY (CH) « OHASE VELOCITY (V) ESLANE. 1IF THE AORMA
. e . ;. MODE CISPERSICN FUNCTICN (FEP) IS O9QSITIVE AT THAT FOINT
THE ELEMENT IS +1s IF FOPP IS NEGATIVEe THE ELEPENT IS
. wle IF FPF GCES NOT EXIST, THE ELIMINT IS S. INMOCZ HA
NVP ROKS (INCSEASED TO AVAR) AND NOM COLUMNS, KMATRIX IS
. STORED IN VECICR FORPM COLUMN AFTER COLUMN,
NOM THE NUMEER OF ELEMENTS IN OM.
. 41 Y - .
NVP STHE NUM2ER OF ELEMENTS IN V (WHEN LAGTHN IS CALLED),
. 1% .
NL NUMAER QF INMCCE ROW IMMEDIATELY ABOVE SPACE IN WHMICH NE
1% ROWS ARE TO Bg aDCED . .. ~—
KL . NUNBZR QF ROWS TO €S AQCED e e
$ 42
- THETK PHASE VSLOCITY CIRECTICN (RADIANS) )
R&Y
ou‘mts Yy . R e T R R 1] - sy m aw e ecmm s ®

AND REVISEO VERSIONS OF V AND

LI s Nemtant o s a dwmi cmbhmrer de o rdetememmms—n e s

——— e s e mdisemmimme

eceoEXAHBLEw~me

L:‘ ¥3i.042.0
3 ;n T 0431404240 e S s ste
A i INMODE=ZLy=14~1,1

e il IR
Dadttiy ¢ P T YIS ¥
x it ,<J’ Ay ;}’:...f& v e i e KR ’wg E,}(x,.‘. RESFOV e ‘1{”3«'

O] ,{,5 s

ULNGTHN
UNGTHN
LNGTHN
LNGTHN

ANGTHN -

LUNGTHN
UNGTHN
LNGTHN
UNGTHN
UNGTHN
UNGTHN
UNGTHN
LNGTHN
UNGTHN
LNGTUN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGYHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LHGTHN
LNGTHN
LNGTHN
LNGTUN
LNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LHGTHN
LNGTUN
LNGTHN
LNGTHN
LNGTYN
LNGTYN
LUNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LUNGTHN
UNGTHN
LNGTHN
LNGTHN
UNGTHN

. LNGTHN

LNGTHN
UNGTHN
UNGTHN
LNGTHN
UNGTHN

b
2
3
I
s
[
7
8
9
10
14
12
13
16
15
16
17 -
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CaLL LNGTHN(OH.V.INHODEoZoZoNVP’.SoJoT“ETK)

UPON RETURN TO CALLth PROGRAM THE VALUES OF V AND NVPP ng
Vs1.091.25.3. 501 75+2.0
NVPPzS
INMODE WILL BE OF THE FOPM
IHMODE=LoYoYs¥s =l e=10e¥sY¥sY¥ol
WHERE THE Y"S ARE NEW ELEMENTS, EACH OF WKICH MAY BE <+ Lo
‘OR § .

.ORIGINAL MATRIX

EXPANDED MATRIX

. - * e .. .
. ‘od . Yy
Yy
v
S

hOa T TURENL LT posy
.

eecaPROGRAM FOLLONS ESLOWe=an

VARTABLE DINENSTIONING
OIMENSION 0MC1) oV (4] s INMOOELL)
COMMON IHAXoCI(L10004VXI(L00) VYTI(100),HIC(200)
DELYP 3 (VINL42)=VINLI) 7 (KL#1)
C OELP® IS THZ INTZRVAL OF FHAS VELOCITIES FOR THE AGOEQ ROMS.
NVRO 3 NVP ¢ KL
€ AVOP IS THE AEW NUMBZR OF SONS IN THE TOTAL MATRIX,
¢ - s Bre
€ N2 IS AEW NUFBSR OF CLO ROW AOe (N341)
N2 2 NL o KL ¢ ¢ . . o

N - .
.C SHIFT OLO VALUZS OF V(I) IN LOWER ROWS 7O Iext SFOT9 ONE HAS TQ

C SHIFT THE NVF ELEMENT FIRST, NOTE THAT I RANGES FROMN AVP® TO N2
C DOWNHARD WHILE I-KL RANGES FROM NVF TO Nieg,
00 71 IP 3N2.NVPE :
I = NVoP = (IP-N2)
74 VD) = VEI-KL)

C MW VALUZS OF VP ARE INSERTED INTO V
00 72 IF=z3.KL .
I 3 NL ¢ 10 . :
~T2 V(I) = V(NL) ¢ IF*QDELVP e e emey eaeme s

¢
.C BEGINNING AT THE RIGHT INMCOZ IS LENGTHENED COLUHN 8Y (IOLUNN

00 90 JP=1.NOM

o J 3 NOM = (JP=1) --
00 90 IP21,NVPP .

. I = NVPP- (IP-1)

- RELARN Y

THZ IJ ELEMENT IN THZ INFCCE VECTOF IS THE 3 ELEMENT IM THE I ROW OF
THE NEW INMOOE MATRIX
Is = (J=1)*NVFF ¢ T i e e -
I¥ T CORRESOONDS TO A NEW ROW INMOOZ(IJ) MUST B85 OSTERMINED FRON NMOF
IF (TeGToNLOANDILTN2) GO TO 9

TJOLD IS NO. OF ELEMENT IN CLD INMOOS VECTOR WHICH IS TO 8F MOVEC INT
IJ POSITION OF NEW VECTOR

IJOLOD = (J=1)%AMVE ¢
KOTE THAT ICLD IS ALRAYS I IF I oLTe N1 BUT IOLO IS I=KL IF I .GE. N2
IJOLC IS COMPUTED ON THE BASIS OF AVP RATHER THAN NVPP RONWS.

on 000 o0 ooo,

UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN

LNGTHN °

LNGTHN
LMNGTHN
LMGTHN
LNGTHN
LNGTHN
LNGIHN
LNGTHN
LNGTHN
LNGTHN
LUNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGIHN
LNGTHN
ULNGTY4N
UNGTHN
LNGTHN
LNGTHN
LHNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTYN
LHNGTYN
LNGTHN
LUNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
UNGTHN

W lesawds £Bon 3 ava

[

| ‘\i
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IF (I.GE.N2) IJOLD = XJCLD - XL
INMOOECIJ) = INMCOE(IJCLDY
Go To a0

9 CALL NMOFNCOMEJY «V(I) o THETK Lo FPO.K)

c .

C IF FPP EXISTS L = 2 AND INKCDEC(IJS) = (FPO/ABS(FPP))
INMODE(IJ} = 2
IF (LeCGQeleANDFFPLESD.0) INMODE(IJ) = =}

¢ .
C IF FPP DOES KOT EXIST L = =1
IF (LeEQe=1) INMODE(IJ)2S

80 CONTINUE
a0 CONTINUE
RETURN

END

TS T &

FETTge
SR
¢

P

R A

LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN
UNGTHN
LNGTHN
LNGTHN
LNGTHN
LNGTHN

133
134
135
“136
137
138
139
140
161
162
143
. 144
145
146
167
148
149
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SUBROUTINE MMNFM (OHEGA AKX9AKY sCoVXo VY HEN)

eoeapARSTRACTwena

TITLE = HMMM

PHIL(ZB)® EM(1,1)°CHIL(ZR4H) ¢ E0(142) *PHI2(ZB4H)
SHI2(28)3 EMI2:L)*PHIL(ZOWH) ¢ EN(242)*PHIZ(ZIB MY

PHIL(2) AND PHI2(2) SATISFY THE RZSIOUAL EAUATIONS.
SUFHILI/Z0Z = AC1,1)%PHILIZ) ¢ A(142)%PHI2(2)
b(FNIZ)IOl B A(29.I0PHTILI2Y ¢ A(24218PHIZ(D)

A€242)3-A(2e8)s ON THIS DASIS, ONZ CAN SHOW THAT
EHEIeJd) =CATUIX)SKOELTALI,J)=H*SAIIXI®A(TJ)

WHERE
X SCACL02)9%20A01,2)%A(02,1) ) *He#2

LANGUAGE =~ FORTRAN IV (360, SEFEPINCE MANUAL C22-6515-4)
AUTHOR © Ac0.PIERCEs PeleTos JULYL1958.
«. . =o«=CALLIMG SEQUENCEe==-~

. e e mitem s e tmae  we
.

SEE SUBRQUTIAES NAFPCE,RRRR
DIMENSION EM(242)
CALL MPFF(IMEGA ¢ AKXyAKY ¢CoVXeVYoHIEN)

. sec=CXTERMAL SUBROUTINES REQUIREQw=<=

AAMA,CAT,SAT
~===ARGURENT LISTe===

OMEGA R®%h NO INP
AKX Re4 ND INP
AKY R*4 NO INO
c R*6H NO INP
- X R* NO INP
vy Reh NC INP
A R%4 NO INe
£ Re,  2-8Y~2 OUT

NO CGMMON STCRAGE IS USED

MMMM (SUBROUTIMNED 7725768  LAST- CARD IN OECK IS

THIS SUMRCUTIAE CCHMFUTES THE 2-9Y-2 TRANSFIR MATRIX EM WHICH
CONNECTS THE SOLUTICAS OF THE RESIONUAL cAUATIONS AT THE TQ©
OF A LAYER TO THOSE AT THE BOTTOM OF THE LAYER AY THE RELATION

WHERE Z3 OEMNOTES THE +EIGHT CF THS 3J0TTOM OF AN ISOTHERMAL
LAYER (THICKAESS H) WITH CONSTANT WINOS, THZ QUANTITIES

WHERE THE ACI+J) ARE COASTANT OVER THE LAYER AND WHERE

* AND NMERE KCELTA(IZJ) IS YHE KOONICKER OZLTA (4 IF INDICEZS
© EQUALs O OTHESWISE}s THE FUNCTIONS CAI ANO SAI ARE OEFINED IN
THE DESCRIPTICNS OF THE CORRESPONIING FUNCTION SUBPRIOGRAMS,

THE MATRIX A IS CCMFUTEC FOR GIVEN FREGUENCY, WAVE NUPBER, SOY
. . SPEZD, AND WIMD VELCCITY 8Y CALLING SUBROUTINI AAAA,.

LLLL
L L
Ll L

ey

L L
HMMN
MMMN
Ll L]
L
Ll [, g
MMMM
bl h ]
Ll L1
HMNN
Ll dd,
MMM
HMNN
NMMM
LL L L
L L L
b
LG L
MMMN
MHMH
NENN
MMl
MMM
LLLL)
LLL L

- MMNM

NMMM
LU LN
LLLES
MMM
L11d,]
MMNM
NMMN
L L
LLLT]
LLL L
MMMN
L L LI
L L L
Lt
HHNN
UL LT

MMNN
HHMN

NEMN
HMNe
MENN
UL
LG
HNMY
L
HMMM
LLL L
LLLL
L] L
LG
Ll L
L L L L
HMNN
LLLL

N
o

¥
DO BPYPASLS WU

0 94 o b 4o b o
~NPVME UN-
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oo
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oW

L Gl AN e s
RS AN -

-1 xx
ovoe~N

rer
LA

sEr & s
ONOMS

E
0

VAN
GN-O

VI UV WA N
~NOn S

"
O

OO
SFUuNro

’




T

T

ST R A AN

2 AN

Q0 DOO0OHDANOAONNOHNDO

o0

OMEGA
AKX
AKY

vX
\Ad

“ aascw

. OIMENSICN At

COMPUTE A(I,.J),
CALL AAaA(OM
Xs{A(i,1) 002
CAZCAI{(X)
SAZSATI(X)

COMPUTE THZ TERM
TAzH*SA
00 90 I=1,2
« 00 90 J=,2
90 EM(I,J)3-TAS

ADO IN CAI(X)*KD
00 190 Ixi.2
190 EM(T II2ENL]

RETURN
ENO
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csesINPUTScana

SANGULAR FRECUENCY IN RAC/SEC

=X COMPONEM OF HORIZONTAL WAVE NUMBLY'R VECTOR IN 1/KN
=Y COMFOMEMNT OF WORIZONTAL WAVE MUMBIR VECTOR IN 1/KM
=SOUND SFEE0 IM KM/SEC

=X COMPOMEZRT OF WINC VELOCITY IN KM/SEC

3Y COMPOMNEAT OF WINC VELOCITY IN KM/SEC

=THICKNESS IMN KM OF LAYER

cnaaQUTFYTS svca

"'#2eaYe2 TRANSFER MATRIX WHICH RELATES THE SOLUTIONS 0

THE RESIONUAL SQUATICNS AT THE TO® OF A LAYER TO THOS
AT THE BCTTCM OF THE LAYER

*===PROGRAN FOLLOWS BELOHe=w=e

. e . . . crmim o - - PYRIEN

242)4EH(242) et e -

CAT(X)s ANC SAI(X) ' i -
EGAQAKX 4 AKY 4CoVY VY A) .
+2(142)%8 024101 9H882

S =HYSAT(X)I®A(I,d) .. .2

@ oo e i emy s e e

AtTed) . X D
ELTA(I,J) TERNS BY AGOING CA TO DIAGONAL ELEMENTS

s I} ¢CA

LL L
NNMN
HMMN
MMNM
MNNN
LLLL
L L
MMM
LLLL
HMMN
MNMM
MHMNM
MMMM
HHMN
LG L
HHM
HMMN
L LG
HHMN
L L L
MMNMN
HHNN
HHMN
LLLE]
MHNN
L LD
LL LD
L L L
MHHM
UL LL]
LLLE
HHMM
L L
LL L]
HMMN
HMMN
LL L)
LL L
LB

65
66
67
68
69
70
7L

73
76
75
76
77
78
79
&t
o1
82
a3
a4
45
86
a7
88
89
90
9
92
93
W
95
9%
97
93
99
100
101
102
103
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SUBROUTINE MOOS TR(ISTyJSTyNMODE,XSTyKFINyQHMOD, VOMOD,NROW yNSOL ¢
1 INMOOZ,O0Ms VP4KRUD)
MOOZTR (SU3ROUTINE) 6725768  LAST CARD IN CECK IS

cceeABSTRACTo=="

[
[
(]
[
c
€ TITLE - HQOETR -
¢ PROGRAN TO TASULATE A& TABLS OF PMASE VELOCITY VIRSUS FREAUENCY
¢ FOR A GIVEN GUIDZC MCOS. THE NORMAL MOOZ OISZERSION FUNCTION
¢ IS ZERO FOR FAZH LISTING OF THE TASLZ. THE COMFUTATICNAL
c. METHOD IS BASZO ON THI PFIVICUSLY COMFUTED VALUSS OF THZ AMDF
¢ SIGN INMOOZ((J=1)*ARON+I) AT BOINTS (I.J) IN A SZCTANGULAP
¢ APRAY OF MNQOW ROHWS ANC NCOL CCLYMNS, OIFFEQENT COLUKNS ()
c CORRZSPIND TO DIFFSRENT FRCQUENCIIS WHILE NIFFERENT ROWS (1Y
¢ - COIRNISPOND TO DIFFESENT PHASE VILICITIES. OISPSRSION CURVES
¢ OF VARIOUS MOTZS AFFEAR ON THIS ARRAY AS LINES OF OEMARCATION
¢ JETHEZN ADJACENT FEGICNS WITH DIFFERINT INMODES. TWO ACJACENT
. POINTS HITH INMOOES CF GPPOSITE SIGN GRACKET 4 POINT ON THE
¢’ ACTUAL DISOERSION CURVE., IF THE OJINTS CORRESPOND TO THE SAME
¢ FREQUENCY, THEN THE FHASE VELGCITY CORRESFONCING TG THAT CMEGA
¢ ON THE DISPERSION CUAVE IS FOUND SY CALLING RTHI. A 260 OACKAG
¢ ROUTINE FOR SCLVING NGNLINZAI SNUATIONS, ANC CONSIOERING THE

NMOF AS A FUNCTION GF VFHSI WITH OMIGA FIXZD. SIMILARLY, IF
me—._ THE POINTS CORRESFCAC YO THE SAME PHASS VELOCITY, THE APPROPRI

Q4ZGA CORRESPONOING TC THIS PHAST VILOCITY IS FO'UND BY CALLING
RTMI WITH THE NMCF CGNSIDZIRED AS A FUKCTION OF OMEGA WITH
- YOHSE FIXED.

THE BROGRIAM SUCCESSIVELY COASIDERS E€ACH PAIR OF AQJUACENT FOINT
WITH OPPOSITE INHGCSS 3PACKETING & LINZ OF DSMARCATION ANC
PROCEEDS IN THZ CISZCYIION OF INCREASING FREJQUINCY UNDEFR THE
ASSUMPTION THAT THE FHASE VELOCITY CURVE SLIPES OGOWNWARNS.

.

PROGRAM NOTES —_— - .

THE MCOES ARE NUMEBEREC. THE INPUT INTEGER NMOOE QSSIGNA
WHICH MOOE IS EZING TARULATED. THE 2AI¥S QOF FREQUINCY
AND PHASE VELCCITY VALUES AIZ STORED &S OMMOGIKSTINMFOOZ)
OHMOOIXKSTIAPCEII+1) «OMMCOIKIT(NMODZ) 42) secosaccscsncer
OMHOOU(XFINCMMCIED) ) o VOMOL (XSTINMCOE ) ) 4 VPMOD CKSTE(NNQIE) #1)
N e0eses o VBHODIKFIN(NKMCIT)), THI ARPAYS OMNOO AND VEMOD
fitemennea s ARE USEC TO STIRZ OISPZASION CURVES FOR FLL MOOES.

KSTINMOOZ) IS INPUT WHILE KFININMOOE) IS OSTERMINIO NURI

THE CCMFUGATICA, THI TOTAL KUMPER CF POINTS EXTPACTABLE

v FROM THE ARSAY OF INMOOE VALUES DETEIMINES KFIN=KST+HL.

IF A SINGLE PCINT CANMOT 93 CALCULATED, THE SROGRAM
RETURNS XRUD=<1, OTHERNISZ IT RETURNS KRUG=i,

.

ffee e e

THE SUNROUTINE RTMI FOR SOLVING A NONLINEAR SQUATION

IS ALLOWED A MAXIMUM OF TEN ITERATIONS TO FIND THE

PHASE VELOCITY TO ACCURACY OF 1.E-5 XM/SEC OR THE
FREQUENCY TO FCUR SIGMNIFICANT FIGURESe. IF THS SEARCH IS
UNSUCCESSFUL A FESSAGE 1S PRINTED ANGC YHE POINT IS
SKIPPED OVEP.

c
c
(]
¢
¢
¢
¢
¢
c
¢
c
¢
c
c
¢
c
¢
¢
c
c
(-
c
c
c
C
c
¢
¢
c
-
c
c
c
1] .. :

¢ THE INPUT PARAMETENS IST.JST ARZ COORCINATES OF A -A9INT
¢ THE INHMODE AFRAY, THIS POINT SHOULO BE THAT POINT FLITYH
¢ VYO THE UFPER LIFT OF THCSZ POINTS LYIMNG OSLOW THE LINE O
c OEMARCATION FCR THE MOOE COANSIOERED, PROVIDING THAY °9QIN
c 00ES NOT HAVE INMODS=5,

¢

(~

LANGUAGE . = FORTRAN IV (360, REFEPENCE MANUAL C22-6515-4)

T R R .,,n:»eﬂ,,, e
LR

HOOETR
MODETR
MOOZTR
MODZTR
MOOETR
MOCETR
MOXTTR
L' DES R
MOOSTR

‘MODEZTR

MODETR
MOOZTR
MOQSTR
MOCETR

MOOZTR

NOCETR
MOCETR
MODETR
MODETYR
MODETR
4003 TR
MOCETR
MOOZTR
MODZTR
MOOZTR
MOOTTR
MOOE TR
MOOETR
MOCEYR
MCOSTR
MODETR
MORETR
MOOSTR
MODETR
HODETR
MODETR
MCOSTR
MOCETR
HOOS TR
MNOSTR
MOCS TR
HOOS TR
MONETR
MODETR
HOCSTR
HODETR
MODETR
HGOS TR
MOODESTR
MOOETR
MODSTR
MODETR
MODZTR
MODS TR
HOOEYR
NOQS TP
MODETR
NORETR
MOCETR
Ma0- TR
MOQE TR
HOOETR
HODETR
MOQETR

PO M P pa ph PA b ph |0 o
OINOVMSUNHLDOBNOWVNTUNK,
.
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.

AUTHOR e AcD.PIERCEy MeleTes JUNE,L968 . .
eaeeCALLING SEQUENCE=e=e

SEE SUSQUTINE ALLMOC
DIMENSION KST(1) ¢KFIN{13,0MMODC1),VPMOT (1) , INMODE (1) 40M (1) ,VPLL)
{SUBROUTINE USZS VARIASLE DIMINSIONING)
CALL MOBETR(ISTeJSTeNFCCEIKSToKF TNy ONNOD»VPMOD ¢ MROH4HCOL o INFODE
1 OMsVP,KEUD) o
IFC KRUD +2Qs 1 ) GO SCHSWHERE

weesEXTERMAL SYRROUTINES REQUIREQ==w=

NXTPNT, PTMI, FNFONL1, FAFOD2, NMCFN, AAAAs ‘RRRR¢ MMMM4CAI.SAI
(FNMODL AND FNPODE CALL AMOFNy WHICH IN TURN CALLS AAAA AND RRR
RRRR CALLS AAAA AMD MMMM, CESCRIFTIONS OF THESE PRIGPAMS ARE
GIVEN ELSEWHERE IN THIS SERIES.) )

RTMI IS A SUBROUTINE CCOED B8Y IBM YO DEVERMINZ A RCOT OF A GENERA
NONL INEAR EQUATICN F(X)30 8Y MEANS OF MUSLLEPR~S ITERATION SCHEME
OF SUCCESSIVE RISECTICN AND INVESSE PARABOLIC INTEROOLAYION. A

- COMPLETS DZISCRIFTIOM ANC DECK LISTING IS GIVEN ON FAGES 192-199 O
QOCUMENT H20-02(0%=2¢ SYSTE“/360 SCIEATIFIC SUNROUTINE PACXAGE
(360A=CM=03X} VEOSION Il+ OFOGRAMMER=S MANUAL, IBM, TECHANICAL
PUBLICATIONS DEPARTMENTy 112 EAST FOST ROADy WHITE PLAINSs NeYe.
10601+ PUBLISHED 19E€Es 1567

cansARGUMENT LISToece

- e . .- e " et e e

1Sty I%4 ND INP

JST - 1%, NO - INP -

NMOOE 1%4 Ho INO

KST 1% VAP INP (ONLY KSTCNMOOE) NEZCED)
KFIN I%6 VAR OUT (ONLY XFIN{NMODE) COMPUTEQD)

OMMOD (N R%4 VAR CUT (COMFUTED FOR N GE+ KSTINMCDE))
VPHOD(N) R*%4 VAR OUT (COMFUTED FOR N +GEe« XSTUNHCCE))

NROW 1% NO INF . “

NCOL 1% ND INe .

INNODE 1%y VAR INP -

oM Ry VAP INP

ve R%4 VAR INP Ceren—— - - amme

KRUD CI*%  NO ouT
COMMON STORAGE USEC LT omTT e mmmm, mmrmvme—m— e e
COMNON IMAX4CIoVXIsVYIoHIoONEGAC,VOMSEC, THETK

rer sesian par

INAX I%% ND INP —remoms = vm——— e, e .
. Ct R 100 INP .
.. WXL R%4 e Ine ¢ e s o 44 o s

vrl R%% 100 INP

LD R%4 100 IN® . e e o

OMEGAC R*%Y NO OUT (USEC INTERNALLY}

VPHSEC R NO QUT (USED INTERNALLY) —— -

THFTK R&4 NO N
seacINPUTScece

tsT =ROW INDEX CF START FOINT, WHICH MUST LIE BELOW LINZ
OF CEMARCATION

JST =COLUNN INCEX OF STAST OOINT

NHMOQE SNUMBER LASLLING MODE TO 35 TASULATEOD

KSTENMOOE) =INDEIX OF CFFOC AND VPMOG CORRESPONDING TC FIRST
PCINT TABULATEOD.
MROU ZMUMEER OF ROWS IN IAMODS ARRAY

" - . . : :

RN g o T 0%
TN

MODZTR
NODETR
HBCETR
MODETR
MODETR
MOOETR
NOOETR
MOOZTR
MOOSTR
NOOZTR
MODZTR
MONETR
MODETR
MODZTR
MONZ TR
HODETR
NODETR
MOBETR
HODETR
MOOETR
MOCE TR
MQDETR
MODE TR
MQCETR
HOOETR
HOOETR
MQDETR
MODETR
NGOETR
HODETR
HODETR
MODETR
MODZTR
MODETR
HODE YR
MOOETR
MOOSTR
NODETR
MOOETR
MOOETR
MODETR
MODETR
MOOETR
MODETR
MOODE TR
HODZTR
MOOZTR
HODETR
HODETR
MODETR
NODSTR
MODETR
MODETR
MODETR
NOOSTR
MGOE TR
MODETR
MORE TR
MODETR
MODETR
HODETR
MONETR
MODETR
MODETR

65
66
67
68
69
70
7
72
73
T4
7%
76
144
78
79 .
a0
81
a2
a3
a4
85
86
a7
LL]
89
90
9i
a2
93
9%
5
96

98

99
100
101
102
103
104
ics
106
107
108
1cs3
11¢
111
112
113
116
115
116
117

118
119

120
121
122
123
124
125
126
127
128




T
>

i

QAN ODNONNNANHNNOANOHNNRDNHDNNDOANANNDANHNOAONANNDNHNADNDOADNDOHHADNHANANOHONHOOO

~111-
. e
NCOL T ERUMER OF COLUMNS IN INMOIE ARRRY
INNQOE SARVAY WHOSE (J=~1)¥NPONSI~TH ELEMENT IS THE SIGN OF
R THE NORMAL MOCE DISFZPSION FUNCTION WHEN OMEGA=OM(J)
VPHSE=VO(I) .
oM SVECTOR Of FREAQUENCIES AT WHICH INMOOE IS TABULATED.
vp SYECTOR OF PHASE VELCCITIES AT WHICH INNOODZ IS
TAOULATEG,
IMAX ENUMOER OF ATHOSPHERIC LAYERS OF FINITE THICKNEZSS,
eIt 2SOUND SFEZD IN I~-TH LAYZR IN KM/SEC.
XICIY | =X COMFOMENT OF WIND VELOCITY IN I-TH LAYSR IN KFM/SEC
VYI(n 3y COMPOKRENT OF WINC VELQCIVY IN I-TH LAYER IN KM/SEC
HILD) STHICKNESS IN KM OF I«TH LAYSR
THETK SPHASE VELCCITY CIRECTION IN RADIANS WeReTe X AXIS
¢ eeocaQUIFUIS~eone
R ININMODE) sINCEY OF CMMOD ANS VPMOO CORREgPONDING TO LAST
. POIL‘ TAEULATEZO,.
.. ONMOD(N) 2ANGULAR FRENUENCY CF POQINTS GN OISP‘ﬂSION CURVE,.
N3KSTEAMOOEY UP TO- KFIQ(NHQCE) CORPESPAONDS TO NMOOE
MOOE.
NPHOO(N) EPHASE VELOCITY OF POINTS ON DISOPERSICN CURVE.,
v— NESKSTCAMCCE) UF TC KFIN(HMOQDE) CORRESPONDS TO KMOQOE
KODE.
.. KRUD_ . BFLAG INDICATING IF ANY POINTS ON DISPERION CURVE
HAVE BEEN FOUMD, L IF YESs =1 IF NO.
ONEGAC SINTERNALLY USED FREQUENCY TRANSMITTED AMONG SUE~
. POUTINES THROUGH COMMON
VYPHSEC SINTERNALLY USEC FHASE VELOCITY TRANSMITYEC AMONG
SUBROUTINES THIOUGH CONMMON,
- " aeeeZXAPPLE=ene
' SUPPOSE THE TAELS OF INFCOE VALUES IS AS SHOWN BELOW HWITH
v Nuuuwuu MRCW=7, NCOL314
(22222422222 22
ccadbbitiistied 0"3.1'.2.o3oo§.o5006v07'v.'09'1 Qolelole2sied
R YT Y YR T Y Y 1ok
Sbocccctitttet
téocccaacancce YR, 59elS0eb000350043004250420
P4 bocvonsnancen
e L ... . NNCRE®2, IST23, JST31, KSTIL)Z?
THEN ONE MIGHT FINU KRUC=i, KFIN(2)223, AND
OHM0D(T) .1 VOMOD(7)2,.4L3 OMMOD(18)=.75 VOMOD(16Y2,2
oMMO0(8) 2,2 VPMOD(8) 3,62 04MOD(L7) =8 VENON(LT7)2,29
ONMOD(9)=,3 VPEGO(2)3.bY OMMOO(18)=,9 VPM0D(18)=2,235
OMMC0(265)2.33 VPMOC (101,46 oMNOD(19121,0 VPMOD(L9)=,28
oMMCD(11)=.36 VPMGD(11)3.35 OMM0D(20)3L.1 VOMONL20) 2,27
OMHOB(12)=,40 VPHOC(12)=.34 OMMOD(21922.2 VFNCNE2102,265
. . OMMOD(13)=.50 VYPHOC(13)=,33 OMMOO(22)=1.3 VPMOD(22)2,25
. OMMCO(L4)=,6C VPMOD(14L)=.32 OMMOD(23)31. 4 ¥YPN00(23)2,255

...QHM00(15)=.70

VPHODR(15)=.31

=e=sPROGRAN FCLLONS BELOWHe=e-

L S tates et ¢

P R N R R

OIMENSION CIC200),VXI(300)VYICLC0) +HIC100)
DIMENSION KST(1) 4KFIN(1) 40MMOD(L),VPHMOD 1) o INMODE (1) 4OM(1),VF (1)
COMMON IMAX3CIoVXIsVYIWHIyCMEGACIVPHSEC, THETK

e R

MODETR
MOOETR
MODETR
HONETR
MODETR
HODETR
MODETR
MODETR

*MODETR

MODETR
HOCETR
MODETR
MOOETR
MOOETR
MOQETR
MODETR
MOOETR
MOOETR
HMODETR
MOQETR
MOODETR
MONETYR
MOCETR
HODETR
MOOETR
MOOETR
MODETR
MOOETR
HOOETR
HQOETR
NODETR
HOOETR
MODETR
MODETR
MOCETR
MONETR
MOOETR
HODETR
MONETR
MODETR
MOOETR
MORETR
MOOETR
HOOETR
HODETR
MOODETR
MODETR
MODZTR
HONETR
MJTETR
HODETR
MOOETR
MODNETR
HODETR
MOOETR
MODETR
HOOETR
MOOETR
HODETR
MOOETR
MOUETR
MODETR
MOOSTR
HODSTR

~
129
130
b8
132
3133
134
135
136
137
138
139
140
161
142

163

146
15
146
1iu7
146
149
150
154
152
183
154
155
156
157
154
159
160
164
162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
ias
189
190
191
192

e 2oy




MPRITTY

o

c ‘ T MODETR

€ FUNCTIONS FAMODL AMD FNMOD2 ARE USEQ AS ARGUMENTS OF RTNMI MODETR
EXTERNAL FNMOOL,FNMOD2 . MODETR

c © MOCETR
€ INDEX OF FIRST POINT ON OISFERSION CURVE IS LABELLED AS X MODETR
K=KST{NNODE) HOOETR

c .. . ) - : MODETR
JSELIST=1)SNROWSIST ) ) MODETR
10SINHOBE(JS) L Lo . . *MODETR

c MOOETR
€ ME CHECK TO SEE IF POINT ABGVE (IST,JST) HAS A nxereezut INNOOE MOOETR
2 IFCIST JEC. 1) GO TO 5 MODETR
JEBLIST=1)*NPOHSIST =1 . e MOCETR
IUPRINMOOE(JG) . MODETR
IFCIUP «EN. ~I0) GO TO 10 o MOOETR

c MODETR
. C IF IT DOESAT, HE CHECK THE FOINT ON THME RIGMT. WE CAN ALSO ARRIVE AT MODSTR
C 5 FRCM 2 IF IST=xy, MODETR
$ IF(JST +EQ. NCOL) GO TO & D e Lo L NOOETR
JPECISTI*NROWGIST .- HONETR
ISIOSINNCOE(J?) s . - . MOOETR
IF(ISIO EQ. =I0) GO TO 15 ] MOOETR

¢ H00ETR
C IF ME ARRIVE AT 8, WE CAMNGY FIND A POINT EITHER ABOVE OR TO THE RIGH MOOSTR
C OF (IST,JST) WHICH HAS A INMODE OF OFPOSITE SIGN. MODETR
8 KRUOZ=~2 . MODETR
RETURN . ) .o MODETR

[ MODETR
C WNE ASSIGN A TYOE INDEX YO THE SOINT (IST,JST)e SEE DESCRIPTION CF MOCETR
C NXTPAT FOR OLFINITION OF TYPS INDEX, MODETR
. 10 IvYPisy . Lo MODETR
c . ‘ HODETR
.C.OPPOSITE SIGN ABOVE I e MOOETR
60 T0 20 : HMOOEYR

. . e e es manis cem—atet t u o vt e e e——— HOOZ TR
13 ITYeix2 o HOOETR
..C OPPOSITE SIGN TO RIGHTY . .. i . .\ ccteew 1 e o s HOOSTR
c . MOOETR
C WE NOW CAN IOENTIFY CUR FIIST BRACKETING - ° AU . MOOETR
20 Ii=IST HOOETR

. JisJsT c—md e et s e smme MOOETR
¢ R MODETR
€ STATEMENT 25 IS START OF LCOP TERMINATING AT 190, EACH PASSAGE THROU MODETR
€ LOOP GENERATES A NEW POIANT CN THE CISIERSION CURVE. MOOSTR
25 IF(ITYFL +EQe 2) GO TO S0 . . . e s . MODETR

c MODETR
. C CALCULATION IF ITYE13l, STORE FPRSOUENCY IN COMMONe FIND PHASE VELO= MODZTR
€ CITY MITHIN BRACKETED INTERVAL. MODE TR
.. OMEGAC=0M(JL) Y ema- et tem oot —— MODETR
* YDOWN3VP(I1) . . MODETR *
VUPzye(It=1) .. . T, MOCETR
EPS2L.E-6 . MODZITR

CALL Prrx(va.r.runooz.vcouu.vuv.eps.s.xen) e o o mmvemem e meew . MODETR

OMMOD (K) <OMEGAC . - MODETR
VPMOD(K) =vA . U NODE TR

G0 7o 16¢ . : . MODETR

] . Ma0ZTR
€ CALCULATION IF ITYP132, STORE PHASE VELOCITY IN COPHON, FIND FREQUE MACZYR
€ IN 3RACKETSE INTERVAL. . s e e e MOCETR
so VPHGECTVF(I1) MOOETR
OMLEF3CNLJL) - w mmee e - . MODETR
OMRITSOHN (UL +1) - - MOOSTR
EPSS(L.5-6) *OMRIT MODETR

CALL RTMICOMA,F, FNHOOZ'GHLEFoOHRIT'E’S’GOIERl #O0S TR

19d

19%
195
196
197
198
199
200
<01
202
203
204
205
206
207
208
209
210
211
212
213
216
21%
216
217
21a
219
220
224
222
223
224
225
226
227

229
230

247
248
249
250
253
252
253
256
255
256
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. OMMOD(X) 3OMA
VPHOD(XK) SYPHSEC

100 CONTINUE

ME HMAVE NOW FOUNO THE K=TH POINT.

FINAL FGINT FOR THE MNMOOE-TH MO0E.
KFIN(NMIDE) 2K

WHEN THE SU3SQUTINE RETURNSe THE CURPENT STORED KFIN(NMODE) WILL 3E

THE CORRECT ON:E.

WE 00 NOT YET XMOW IF THIS IS THE
_HOWEVERs WE SET KFININMODE) =K

cesse - e S T A e a eas e e

WE N:ﬂKPRSPIQE THE SEARCH FOR THE NEXT POINT.
K eL .

479 CALL NXTPNT(I1eJLeITYPLyI2¢J2+ITYP2¢NRONsNCOLINFODE,KULOS)
180 IF( KUDOS +EQ. =1) GC TO 206

I3=12

JisJ2

IvypPLsITYP? B -
190 GO0 10 23 v

200 CONTINUE

emie s see e oae eem o - e et w e

MODSTR
NODETR
MODETR
MOOETR
MODZTR
HMOOETR
NOCZTR
MOCETR

MODETR

HoCZTR
MOOETR
MODETR
HODETR
MOOETR
MOOETR
MOOETR
MODETR
HODETR
MNODETR
MODETR

WE CONTINUE HEIE AFTER AN UNSUCCISSFUL ATTEMPT TO FINO THE NEXT POINT MODETR

PROVIDING HE HAVE FOUND AT LEAST ONE POINTs WE CAN EXIT WITH KRUO21.
IFL K oLEe KSTINFOOE) ) GO TO 8. . .
KRUOs
RETURN

MONETR
MOOETR
MOOETR
MOGETR
MOOETR
MOOETR

25?7
258
259
260
261
262

© 263

264
265
266
267
268
269
2re
2.
272
273
274
275
276
e
2rs
279
260
281
282
283
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SUBROUTINE MOOLSTCMDFNGyOMMODs VPMOD » AKT ¢ KST oXKFIN) MODLST 1 :
e HOOLST (SU3ROUTINE) 6749768  LAST CARD IN QSCKX IS _MNOLST 2
c . A : . MOOLST 3
c . MODLST 4
c eeeafABSTRACT cco= . HOOLST ]
c . MOOLST 6
¢ . MOOLST L4
C TITLE -« MODLSY HOOLST 8.
c TASULATION OF SELECTEC POINTS ON THE PHASE VELOCITY (VPHSES VS HOOLST 9
c ANGUL AR FREGUENCY (CMEGA) CURVES OF SZILECITD MOOES MOOLST 10
c . ; MODLST 11
c NO COMSUTATICN OR CHANGING OF UNITS IS PERFORMED 3Y SUB=- 40OLST 12
c . ROUTINE HOOLSY, IT MSQELY PRINTS OUT THE INFUT IN LARELE MOOLST 13
c AND OROERED FASHION. MOOLST 14
c . MOOLST 15
C LANGUAGE = FORTRAN IV (260, REFERZNCE MANUAL C23-6515=4) MODLSY 16
e . MOOLSY 17
C AUTHORS = AeD PIERCE ANC JoPOSEYe MeloT.e JUNE1968 MODLST 18
..C it e ceemr : e ..  MODLST i9
c MODLST 20
.C . seaaSAGEsees MODLST 21
c MOCLST 22
¢ NO SUBROUTINES ARE CALLEZO. MOOLST 23
{ c NMOOLST 24
.G KFINy CPFODy VFMCDe KST hILL ASSUMZ THZ DIMENSIONS SPECIFISO IN  MOOLST 25
: [ THE CALLING PROGFAM, (DIMENSION OF KST AND KFIN MUST DE «GE« NMF MOOLST 26
e . . ; MOCLST 27
E . C FORTRAN USAGE MOOLST 28
. c ... .. . MODLST 29
. e CALL MOOLST (MOFADyOMMCC,VPMOO(KST ¢KFIN) MOOLST 20
1 [ .. . .. I MOOLST 31
!' C INSUTS HOOLST 32
. c HOOLST 33
c MOFND NUMBER OF MOOSS TO B PRINTED OUT, MODLST 36
¢ c. I%4 e e .- MOOLSY 35
c MOOLST 36
¢ ) C .. ONMOOD VECTOR STORING ANGULAR FRIQUEINCY CCORDINATE OF FCINTS ON MOOLST ?
Lo ¢ R*4¢0) OISPERSION CUIVES. MOCE M IS STOSED FROM ELEMENT XST(M) MoOOLST 33
L c THROUGH ZLEMENT XFIN(M)e ¢ RAD/SEC ) MODLST 39
' i ¢ MOOLST «0
- c VPNOO VECTOR STORING OHASE VELOCITY COOQGINATE OF POINTS CN 4OCLST %
: c R*4 (D) -OISPSRSION CUIVES. NOCE M IS STOREN FRCM ELSMENT XST(M) MOOLST 42
¥ ¢ THROUGH ELERENT KEIN(M). ( KM/SEC ) MOOLST 43
c MOOLST 44
c XST SEE 0FMOD AND VPMCD ABOVE. e e .. HooLsTY Ls
.e I%(0) HOOLSY 46
¢ : , MODLST % 4
e KFIN SEZ OKMOD ANG VPNOD ABOVE, MOCLST 48
3 c I%(0) C . HONLST 49
ﬁ%- } c HOOLSY 50
- C oUTPUTS .- . v e HOODLST st
3 c. : ) MOOLST 52
¢ THE OUTPUT IS AN CROEREC ANO LAEELED PRINT CUT OF THE INPUTS, £X~ HOOLST 53
¢ CLUDING KST AND KFINe ( SEE EXAMFLE BELOW. ) MOOLST. St
[ .. R . . . . . NODLST s5
% c ) * MOJLST 56 ”
4 ! [ EXAMPLE MOCLSTY s7
3 | c MOOLST L1
i € CALLING PROGPAM MoOoLS T 59
c MOOLSY 60
c DIMENSION KST(2) JKFIN(2) ,0MMCOLS) +VPNOO(S) MOBLST 61 v
} c MOFND = ¢ MOOLST €2
3 c KST = 1,3 MOOLST 63
4 c KFIN 3 2,5 MOOLST b4
3
3
1
k. [
3
g !
i - _
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[ OMMOD 3 Qel00e2¢0861¢06155302 HODLSY 1] :
¢ VPHOO = 1.0424042e0s2¢5¢340 MOOLST 65 ,
c CALL MODLST (MOFABoOFMCOsVPMOO,KSToKFIND MODLST 67 '
¢ MOOLST 68
€ PRINT oOUT ) MOOLST- 69
¢ MOCLST 70
¢ . - - TAQULATION OF FIRST 2 MO2ES MOOLST 7t
c MOOLST 72
c . . MOOLST 73
¢ . NODLST 74 ‘
[ ) MOOE 3 HODLST 141 .
c MOOLST 76 ’
¢ . MODLST 77
¢ OMEGA (RAD/SEC) VPHSE (KN/SEC) HOOLST 78
¢ . MOOLST 79
¢ . 0.100000 1.000000 HOOLST 80
- € . 0.200000 20080000 MOOLST 8L
¢ . noCLST 82
SR - 2R .. . MODLST 83
c.. . . MOOLST PN x
¢ - MODE 2 MOOLST 85 :
¢ -, MOOLST 86 :
.¢. MODLST 87 ‘
¢ onecA (wan/ssc) VPHSE (KM/SEC) MOOLST o ‘
.e s e . MOOLSY 89
¢ 0.200000 _ 2.000000 MOOLST 90
[ A 0.250000 2.500009 MODLST 9
¢ 0.200000 3.000069 MOOLST 92
c e e e e - ) MOOLST 93
c HOOLST 18
C END OF EXANMPLE e .. MOOLST 95
e - MODLST ap
¢ . HODLST a7
¢ . weeaPROGRAN FOLLONS BELOWe==w MODLST 99
.C. - e . . . MOOLST ag
c. MOOLST 100
] e e et e = HoOLST 164
€ VARIABLE OIMENSIONING NOOLST 102
. OIMENSTON KFIN(1),O0MMGE (1) yVOHOD (1) 4XST (1) MOOLST 103
DINZNSION 4KI(1C00) MODLST 106
% . . *WRITE(6+11) HOFND MOOLST 105
, 11 FORMAT(1M1425X41GHTARULATICN OF FIRST, 16,64 MOOES) MOOLST 16
| 00 180 II=1,MOFND . e MOOLST 107
oL . MRITE (6.21) II MOOLST 108
24 FORMAT(AH /7//741H 435X, SHMCDZ +13//4 1H +12X,15HONEGA (RAD/SEC)s MOOLST 1¢9
1 110X« 14HVEHSE (KM/SECY 919X e15HAKI m-:ngtzsmm 7 HOOLST 110
. - K13KST(ID) .. - HOOLST 111
E ; X2 =TKFINCID MOOLST 112
. : D0 100 J=Ki,x2 . ) MOOLST 113
OMEGA=OMNOD (J) MODLST 114
2 _ YPHSEIVPNOD() . . MOOLST 115
. AKIPRZAKI(J) MOOLST 116
= _3%1 FORMAT (1M V12X oF1508010%XeFLta8s10XoSEL245) MOOLST 117
: ! ' NRITE €6¢31) OMEGA,VFHSE.AXKIFR MODLST 118
L 100 CONTINUE MODLST 149
1 ‘ RETURN MOOLST 120
i ‘ " END.. MOOLST 121
L, {
p 1]
1
t\
bt
{
i
t
1 1
{ - — - — — e —— ——— / ad _— e T e S — T ——
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SURROUTINE HPOUT {OM14OM2¢¥1oV2 NCH, HVPy INMODE + OMoVy THETK) MPOUT 1 ;
C . MPOUT (SUBROUTINE) 7/19/68  LAST CARO IN DEK IS MPQUT 2 !
(4 v
. HPCUT 3 ;
¢ ' MPOUT 4 ,
g ecessARSTRACTwewe i MPOYT 5 . T:
P ’{'
€ TITLE - MPCUT . :ng; ? !
¢ tlBULATIow CF NOFPAL MUGE NISPERSTON FUNCTION SIGN AT POINFS  MPOUT 8 ;
-g A RECTANGULAR REGION OF FREQUENCY = PHASE VELOCITY FLAAE MPOUT 9
neouT 10 1
c THE VECTOR V OF PHASE VELCCITIES 1S CONSTRUCTEL 8Y TAKIN MPOUT 11 :
(4 VALUZS AT IATZNVALS OF ((V2-V1)/(AVP-1)) FROM \'Z O0WMN TO MPOUT 12 é
c V1. SIMILARLY, VSCTOR OM OF ANGULAF FRZQUENCIES 1S CON- MPCUT 13 §
c * STRUCTEDQ BY TAXTHNG VALUZSS AT INTERVALS OF ((0M2-041)/ MeQuT 16 N
e (NON=1)) FROM CML UP TO 0#2, NEXT, MATRIX INMODE I€ CON MPOUT 15 ';
c STRUCTTO WITH AVO POWS ANJ NOM COLUMNS, SINCE INMOCE IS MPOUT 16 .
¢ . STOREQ IN VECTCR FORM, COLUMN AFTER COLUMN, ELEMENT J IN MPOUT 17 ’
c ROW I IS REORISENTZO AS INMODE((J~1)*NVE & I), THI VALU MPOUY 18
c . OF THIS ELEMENT IS OEZTESMINED BY CALLING SUBROUTINE NMOF MPOUT 19
c VO EVALUATE TH:I NGPMAL MONT DISFSFSION FUACTION, FPF, FO MPOUT 20 !
c FRENUENCY OM(J) AND FUASE VZLOCIYY VII)e IF FPP DOES NO HPOUTY 21 ;
c EXISTy THE ELEMENT IS SET VAL TO S. OTHERWISE THE ELE HPOUTY 2
c MENT WILL BE 1 TIMES THE SISGN OF FFP,. . “MPOUT 23 .
C . HPOUT 24 :
C LANGUAGE =~ FORTRAN IV (363, REFEQPENCE MANUAL C28-6515-b) MPOUT 25 )
C AUTHORS = Re0.PIERCE ANC JoPOSEYe MeloTep JUNEV1968 MPOUT 26 '
c . neout 27 ;
c . MPOYT 28 ’
c aseclSAGE==as HPOUY 29’ }
(- VARIAOLES OMyVoIMNMONE MUST BZ NIMZASIONED IN CALLING PROGRAM MPOUT 0
(- " FORTRAN SUSROUTINE NEOFM (CESCRIBED ELSEWHERE IN YHIS SERISS) IS MPCUT 31 :
¢ CALLED MPOUT 32 '
c . . . HPOUT 33
C FORTRAN USAGE MPOUT 34 !
c CALL MPOUT(OML1,0F2oVLioV24NCFoNVRyINMOODS sOMy Vo THETK) HPOYT 35 H
c HPOUT 36
¢ INFUTS e . R HooUT 37
(-3 MPOYT 38
cC L, oms MINIMUM ANGULAR FREQUENCY TO 8E CONSIOERED (RACIANS / SE MPOUT 39
] R%4 Heourt 0
¢ . MeoUY L33 !
¢ one MAXIMUM ANGULAR FRENUENCY TO BE CONSIOERED (RACIANS / SE MFOUT LT+
¢ R® . .. . . R, nPQUY L3
c . . nPoyr L1
c vi . MINIMUM PHMASE VELCCITY TO G5 CONSIOEREO0 (KN 7/ SEC) MPQUT 5 :
¢ R%% ' . T HMPOUT Lk 3
c MPOUT W7 )
c ve ' MAXIMUM PHASE VELCCITY YO 92 CONSIDERZD (KM 7/ SEC) MpPOUT LS
C .. R% NPOUT 4«9
c NOM NUNMOER OF FPECUZMNCIES TC 9E CONSIDERED (NO, OF ELEMENTS MPCUT 50
c . I%% IN OM AND NCo CF COLUMNS IN INMOOE) NPOUY 1
c MPOUT 52
3 c .NYP NUMBES OF PHASZ YELOCITIES TO SE CONSIOEREC (NO. OF ELE~ MPOUY 53
- c 1% MENTS IN V ANC NO, CF ROWS IN INMOGE) HPOUT St
[ - . MPOUTY 55
| c THETK DIRECTICN OF PHASE VELOCITY MEASURED COUNTER CLOCKHISE MPOUT €6
N 4 c R*4 FROM X=AXIS (PADIANS) . .. nPOUT 14
A 4] NPOUT 58
* € oUTPUTS . .o S, MPOUT %9
1 c MPOUT 60
3 €. . INNOOE MATRIX OF NORFPAL MODE DISPSISION FUNCTION SIGNS (SEE NPOUT 64
k N (3 I%(0) ABSTRACT ABOVE FOR EXFLANATION OF ELEMENT VALUES) HPOUT 62
5 ) c .. NPOUT 63
1. ¢ oM VECTOR OF NOM VALUES OF ANGULAR FREQUSHNCY AT ZQUAL INTER MPOUT 64 »
c Re*4L(0) VALS FRCM OML TO OM2 INCLUSIVE (RABIANS 7 SEC). MpQUT 65 ;
¢ neoyr 66 .
2 ; c . v VECTOF CF AVF VALUTS OF PHASE VELCCITY AT EQUAL INTERVAL NPCUT 67
3 i c R%6(0) FROM V2 TO V1 INCLUSIVE (KM / SEC) MpPOUT 68 -
' c . - ' #POUT 69
1 ' ¢ NPOUT 70
: 3 c soceEXANPLEcwue MPOUT 7t
" ! ¢ NPOUT 1£
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CALLING PROGRAM
OIMENSION OM(3) 4V (3),INMOO(9)
oML = 1.0 '
oM2 = 3.0
Vi = 1.0
v2 3 3,0
NOM = 3
NVP = 3
THETK = 0.0
.:lLL MPQUT (OM1,0M2,ViosV24NCHINVP o INMODE ¢ QMo Vo THETK)
NOD

UPON RETURN FROM MPOUT, OM AND V WILL HAVE THE FOLLOWING VALUES

O = 3,0 4 2.0 » 3.0

V ® 3,0 ¢ 20 4 1.0
SACH OF THZ AINE SLEMENTS CF INMCOE WILL BE =1, 1 OR 5 AS ODETERMINED
B8Y THE NORPMAL MODE OISPEPSICN FUNCTICN {SEZ AGBSTRACY ABOVE)

" weesPROGRAM FOLLOWS BELOW===e

VARIABLE OIMENSIONING
OIMENSION OM{L1) 4V (L), INNCRE(L)
COMMON IMAXCI(103)VXI(100)4VYICL10GY4I¢200)

INTERVAL BETWEEN SUCCESSIVE ELEMENTS OF OM IS OETERMINED
DELCM=(OM2=-0M1) /7 {NON=1)

INTERVAL BETWEEN SUCCESSIVE ELEMENTS OF V IS OETERMINED
DELV 3(V2 = V1)/(NVE=l)

VECTOR V 1S CONSTRUCTEO WITH V(I) OROPPRING FROM V2TO VL AS I GOES FRO
1 TO NVP L. .

vii)av2

00 10 I=2,hvP
10 V(I)3V(I-1)~0ELV

OM(J) GOSS FROM OML TO OM2 AS J GOES VRON 1 TO NOM
00 90 J=1,N0M ) L .
OMEJ) = GML  +(J=1)*DELCH
FOR A FIXEN VALUE OF J, ALL VALUES OF I FROM 1 THROUGH NVO AFE CONSIO
ERZ0, THUS EVALUTING COLUMA J OF INMOOE
00 90 IZ1,NVP

TJ IS NO. OF ELEMENT IN VESCTOR REPRESENTATION OF INMOOE WMICH CORRES-
PONDS TO ELEMENT U CF ROW 1 IN MATRIX FORM CF INMODE

TJ3(I=2I*NVP ¢ 2

VPHSE2VII)

NMOFM IS CALLED TO EVAUATE THE NORPAL MOOE OISPERSION FU&CTIDN FOR
FREQUENCY OM(J) ANC FHASE VILOCITY V{I)
CALL NMOFN(OM{J) +JVPHSE 9 THETK oL FFPeK)

?:K? NO;HAL MODE ODISPERSICM FUNCTICN DOSS NOT EXIST (L.ZQe=1)¢ INMODE
J) =
* IF(L +EC. =1) GO TO 50 .
WHEN THE FUNCTION DOES EXIST AND IS FPP, INMODE(IJ) = 14FPP/ABS(FPP)
INMODZ (TU) = L .
IF (FPF.LE.0.JY INMODE(IJ) = -3
- GO vo 80
50 INMODE(IJ)=S
80 CONTINUE
90 CONTINUE
RETURN
END

MoOUY
HPOUT
MPOUT
npouy
MPOUTY
HPOYT
MPOUT
HPOUT
MeoUY
MroUT
NPOQUT
MPOUT
MPOUT
MPOUTY
MPOUTY
Moour
HPOUT
MPOUT
NPOYY
MPOUT
NPOUT
MPOYT
HPOUT
Ho0UT
MPOUT
MeourT
NPOUT
MPOUT
MPOUT
NPOUT
MoQUY
HPOUTY
MPOUT
MPOUT
tteuyr
HPOUT
NPOUT
HPOUT
MPOUT
MPOUY
HeOUT
MOOUT
MPOUT
MPQUT
MPOUT
nPOoUT
MPQOUT
HPOUT
MPOUT
NeOoUuT
NPOUTY
MoQyY
MPOUT
HPOUT
HPOUT
HoQUT
MPOUT
so0yr
HPOUY
MPOoUY
MPQUY
HPOUT
NPQUY

MPOUTY
MPQUT

HeouT
MPOUT
HPOUT
MPOUT

73
76
75

144
78
79
a0
81

83
84
85
a6
a7
L1]
89
a9
i
a2
3
9%
95
h)
a
98
99

100.

ice
102
1C3
104
105
106
107
108
i0s
110
111

113
ils
115
116
117
118
119
120
121
122
123
126
125
126
127
128
129
130
i3
132
133
134
135
136
137
138
139
140
148
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SUBROUTINE NAMPOZ (ZSCRCEZORSsOMEGA 4 VPHSE AKI o THETK9AMPLTONFINT)
NANRDE (SUSROUTIAE) 6727768  LAST CARD IN DECK IS

seweARSTRACVTweca

TITLE ='NAMPOE
PROGRAM TO OETERMINS AN AMOLIVUOE FACTOR AMPLYO OF A GUIDED
MOOE EXCITED AY A PCINT ENZRGY SOURCE IN THE ATPFOSPHERE. THE
SQURCE IS AT ALTITUOS ZSCICE KM AND THZ COSERVE® IS AT ALTITUND
2008 IN KMe THE FARTICULAR AMPLTQ COMPUTED CORRESFONCS TO AN
ANGULAR FREQUSNCY CMEGA (RAN/SECY, A OHASE VELOCITY VOHSE
(KM/SEC) ¢ AND A PHASE VELOCITY OIRECTION THETK (RADIANS) RECe
KONED COUNTEPRPCLCCXAISE FIOM THT X AXISe PARAMETVTZRS CEFINING
THE AMBICNT ATMOSFHERS ARE FRESUNED TO 8E STORED IN COMMON,
THE NORMAL MONZ QISFIRSIOMN FUNCTION NKOF IS PRESUMID 1O VANISH
. FOR APGUMENTS OMEGA+VEHSETHETK,

THE ACTUAL OSFINITICM OF ANMFLYD IS AS FOLLCWS. LET S1(Z) ANO
S2(Z) BS THE SOLUTICNS OF THE RESIOUAL EQUATIONS

0(SL)/0Z = (AL1)°S1 & (A32)e82 tL=0)
0(S21/0Z = (A21)°S1 + (A22)*S52 . (1-8)

WHERE THE MATRIX A IS AS COMPUTED BY AAAA AND AS OEFINED BY
AcO+PTERCEe Jo COMPs PHYS.e VOLe 1o NOo Jo FEB.s1967¢ P2. 343-
366+« €QSe 13s THE ZLEMENTS OF A SHOULD A€ CONSIQERZD AS FUNC~
TIONS OF ALTITUNE. 4E OEFINE THS RIQUCEQ PRESSURE ZFN(Z) AS

IFNLZYs (G/CI*SL = C*S2 . )

H
.
¢

- WHERE G IS ACCELERATICN OF GRAVITY AND C 1S SOUND SPEEO0. THEN

. S2LZSCRCEY*ZFN(Z08S) R
&NPLTD 8 (1/72)% cccsvaceaconccasnsncs t3
BOM(2ZSCRCE) *INTEGRAL

HHERE .0 . -

T BOMEZYIZOMEGA =KXWVX(Z) =KY*YY(Z) . e e e W)

1S-THE DOPPLER SHIFVED ANGULAR FREQUENCY. THE INTEGRAL IS 1/2
OF THE I-SUR3 DEFINSC 9Y A 0.FIZRCEs Jo ACOUST. SOC. AMZR.s
VOLe 37y NOe 2y FEB.+1965. PP, 213-227, E0, (51)¢ SPECIFICALL

'

INTEGRAL = (INTEGRAL OVER Z FROM 0 TO INFINITY) OF

(20M® ((KXSVX+KYSVY) /KISYENIZ) 92

e NN LTE . . ves =

*(K*OMEGA/BUMS*3) *2ZFN(Z) **2 ; T ts)
" WHERE K IS THE MAGAITUDE OF THE WAVZI=NUMBER VECTOR (KXoKY) AND
YENLZ) = (1/C)esiiDy o o 3}

v - vt mes w mme B R L T L L R ey N Y

PROGRAH NOTES
- THE IMTEGRAL IS COMPUTEC BY SUBROUTINE TOTIANT IN TWO PAR
AS X3#X7. THE FIRST IS CATAINCO 8BY CALLING TVOTIAT HITH

IT=3y HHILE THE SECONC IS OEYAINEQl 8Y CALLING TCTINT WIT
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NAMPOE
NAMPDE
NANPOE
-NANTOE
NANPDE
NAHPOE
NANBOE
NAMBOE
NAMPOE
NAMPOE
NAMPOE
MAMBTE
HANPOS
MANPOE
NAMPOE
NAMPDE
NAMPOE
NANEOE
NANPDE
NANSOE
NANPOE
NAMODE
NANPOE
NAHM®OS
NANROE
NAMPCE
HAMPOE
NAMPOE
NAYPDE
NANM20E
NAXPOE
NANMPDE
NANPODE
NANPOE
NAMPOE
NAMNPOE
NAMPOE
NAKFOE
NANSDE
NANSDE
NANPOE
NAMPOE
NAMPOE
NA4OOE
NAMPOE
NAMPOE
NAKPOE
NAMPOE
NAMPOE
NAMSOE
NANPOF
NAMPOE
NANA0E
NAMPOE
NAMPROE
NAMBDE
NAMROE
NAMOOE
HANPDE
NAFPOE
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USEAS.

S1 s=SQRT(GS5)*A12
S$2 =SCRT(GGI*(GG+ALLY
AT THE 20TTCM CF THE UFFER HALF SPACE,

HERE GG=SQRT(A11%42+212%A21),

HALFSPACE. 1IF THIS CAMNOT 9E SATISFIED.
. CONSIDERATION.

AUTHOR = AeD.PIERCEs PoleTey JUNES1968
«e=eCALLING SEQUENCE==v~
SEE SUBROUTIME PaMADE

OIMINSION CICLCC) VXTI (10C)eVYIC100)HICLNO)
COMMON IMAX4CIsVXIoVY]I HI

‘-i07INTvHHHN'AAAA'USElSouﬂlthELINToEQEa-ClI'SAI

.. ARE IHRICITLY CALLED WHEN TCTINY IS _CALLED.)
ec==ARGUMENT LISTewe-

se @i - LIpap—

2SCRCE . R®% NO  Ine )

Zoss R®%  NO  INP
OMEGA R®  ND  INP

VPHSE R*L  NO  INP i
THETK R*%  ND  INP . B
AMPLTD R*4  ND  oOUT .

NPRNT Is¢ NO  INP .-

COMMCN STORAGE USEO - .
COMMON IMAXeTIoVXIoVYIGHI

-

" a=esEXTERMAL SUIROUTINES REAUIREG====

T o ot o e v
TS "\‘;ﬁ’?\‘ﬁ“'r S INCETEAIN

" 'THE NCRMALIZATION OF S1 AND S2 CANNOT AFFECT AMPLTO.
HOWEVER, YOTINT ACODPTS NORNMALIZATION WHERE

LANGUAGE  ~ FORTRAN IV (360, REFERENCE MANUAL C23-6515~-4)

(THESE MUST BE IN COMMON)
CALL NAMFOS(ZSCRCE»20BS 0OMEGA,VPHSE THETKGANPLTD, NPRNT)

cm———e o

IMAX 1%, ND IN®
(3 R*% 100  INP
VX1 Re4 100 INP
vr: R*G 160  INP
Hl R, 180 INP
” = . .- ---;INPUTS.:.-- o T
2SCRCE =HEIGHT CF SOURCT IN XN
208s =HZ IGHT OF GBSEPYER .
OMEGA SANGULAR FREMNUSNCY IN RADIANS/SEC

IT87, THE IT PAPAMETER GOVERNS THE CHOICZ OF COEFFICIEN NAMSDE
Ale A2+ A3 RETURNED TO TOTINY DY SUBROUTINE USEAS., -
FURTHER INFQRFMATION, SEE THZ DOCUMENTATION ON TCTINT AND NAMPRCE

FOR NANPOE

NAMPOE
NAFPOE
NAMSOE
NAMPOE
NAMSDE
MAMOQE

THE NUKERATOR OF NAMSODE
) €Q4(3) IS ACCCICINGLY CCMOUTED WITH SAME NOQPALIZATION. HAMODE

NAMNPOE
NANMPIE

THE ONLY BOUNCARY CONCITION EXOLICITLY USED IS THZ USPER NAM20E
BOUNDARY CONDITION WHERE3Y N0TH S1(Z) AND S2(Z) NICREASE NAMPOE
EXPONENTIALLY WITH INCREASING HEIGHT IN THE UPPER
THE PR0GRAN
- RETURMS AFFLTO=0. THIS WOULD IMFLY THAT THE PCINT
CONSIOZFE0 IS FRACTICALLY ICENTICAL TO ONZI HWHMERE OMEGA  NANMPDE
IS THE CUTOFF FREQUENCY FOR THE GUILED MOOE UNOER

NANMPOE
NAMOOE
NAMODE

NAMOOF
NAMOOE
NANPOE
NAMPCE
NAMPOE
NAMPOE
NANPOE
NAROOE
NAMPOE
NAMPOS
NANBDE
NANPOE
NANPOE
NANFDE
NAMODE
NAMSQOE
NAMPOE
NANMEORE

" (TME FIRST TH2EE ARE EXPLICITLY CALLED. THE REMAINING SUBROUTINE NAMPCE

NAMEOE
NANPDE
NANPOSE
NANPOZ
NAMSOE
NAMPOE
NAMPOE
NANPOE
NANSOE
NAMPOE
NAMPOE
NANPOE
NANPOE
NANBOE
NAMPOE
NAMPOE
NAMPOE
NAMPOE
NAKPOE
NAMPOE

_NAMBOE
NAMPOE
NAMPOE
NAMPOE
NAHPOE
NAH20E

61
62
63
64
65
66
67
68
69
70
71

73
7h
75

7
78
79
80
81’
a2
83
84
85-
86
87
88
89
91

* 9

92

93

9%

95

9%

7

98

9
100
104
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
17
113
119
120
121
122
123
126
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[ VPHSE ZPHASE VELCCITY IN KP/SEC NaMPRE 125
c THCTK IFMASE VELCCIVY OIRSCTION (RAOLANS) RECKONEOD NANSOE 126
c NPT TPRINT OPTICN IMRICATOR (SEE NAM1I IN MAIN PROGRAN) e  NAMBOE 127
c COUNTER=CLOCKHISE FROM X AXIS. NARDOE 128
e IMAX SNUMZER OF ATMCSEHERIC LAYERS WITH FINITE THICXNESS  MAMBOE 129
‘e cItn TSOUND SPESC (KM/SZC) IN I-TH LAYSR NANPOE 130
¢ YRID =X COMPONEAT OF WIND VZLOCITY {KM/SEC) IN I-TH LAYER NAMPOE 131
¢ vYIeIs Y COMPONENT OF WINC VSLOCITY (KM/SEC) IN I-TH LAYER NAMSQE 132
c NIty BTHICKNESS IN KM OF I-TH LAYER NANFOE 133
¢ . NANPOS 134
[+ weasQUTFUTS wwee . L NAMPOE 135
c NAMROE 136
c AMPLTO =AFPPLITUCE FACTOR FOR GUIOED WAVE EXCITEC BY POINT NANCOE 137
¢ ENCRGY SOURCS. UNITS ARE KM®®(=1), NRNSOE 138
c NANPOE 139
e . @secEXAKPLE>=~e NANBQE 140
¢ . NANPDE 143
c SUPPO%SE THE ATMOSPHESE IS ISOTHEOMAL ANO THERE ARE NO HINDS. THE MNAMOOE 142
€ - THEXE IS ONLY CNE MCOS, FOR NHICH VPMSZISCe FURTHERMORE. YFN(Z) . NANPOE 143
c LN0 SLUZ) ARE BOTH ZERQ, THS ZFN(Z) OIZCREASES EXPONENTIALLY NANPOE 14k
¢ WITH HSIGHT AS EXP(~(0.3%G/C**2)), THE RESULTING AMPLTO NAMBOE 165
¢ SHOULD #f NAMPOE 146
e AMPLTO=~(,3%G/C%%2) %3¢0(~,3*(G/C**2)* (2085+2ZSCRCED ) NAMPOE 147
c PEGAPDLESS OF VALUIS OF CMSGA ANC THITK., IF £31/3 KM/SEC, NAMPOE 148
c G3.0% KM/SZC*%2, 208530s ZSCRCE3L, THEN AMPLTOZ 027 KM*¥(=1), NAMNPOE 149.
e NANSOE 150
e : NAMCOE 151
c .. ®eeaPROGRAN FOLLOHS BELOW-==e NAMBOE 152
c . . NAMPDE 153
¢ NAMPOE 154
¢ ] NAMPOE 155
DIMSNSION CI(L0G),VXTI(129),VYI(L00) 4H2 (200 NANFOE 156
OIMENSION A(242)4EM(242) NAKPOE 157
DIMENSION ZTJ2(2)45S102),5202),VXISZ(2) ,¥YII2(2) 4C1I2(2) HAMPOE 158
€ DIPENSICN STATEMENTS AODCED IN THE OEBUG EROCESS NAMPOE 159
OIMENSION LAYJZ(2) 4GELTI2) JROP(242) yEMP (1009202} yOUNNY (2,47) NAMPOE 160
NIMENSION PHIL(103),FHI2(100) . NAMPOE 164
COMPEON IMAXGCIoVXIWYI HI ] . . NAMPOE 162
SAVE = CIC(IMAX) . - : NANPOE 163
IFCAKT +GE. 1.E-10) RETURN NAMPOE 164
¢ . L NAMPOE 165
€ CUMPUTE WAVE NUMBGER VECTOR CCMEONENTS NANPDE 166
1 CONTINUE . _— Ce NANPOE 167
AKX = (OFEGA/VPHSE I $COS (THETY) - R NAMFOE 168
... AKYZ(OMZGA/VFHSE)*SIA(THETX) . R - s NANPOE 169
c NAMPOE 170
C THE SOURCE AND OBSZRVER LCCATICNS ARE NUMBZRZO ACCORCING TO HEIGNT NAKPOE 171
IFCZSCRCE GT. 208S) GO 1O %0 NAMPOE 172
ZIJ2(L1I=2SCRCE R e . NAMPOE 173
< 21J2(2)=708S - . NAMPOE 174
NSCRCE=1 . . o e e TS NAMPOE 175
Nons=2 . NAMPOE 176 ”
Go vo 20 et e . s sme s . . .. NAMPOE 177
. 10 2142(1132708S ) . NAMPOE 178
1 ) . ZIJ2(2I=ZSCRCE e e et e e e el st e o NANOODE 179
1 NOBS3t CoL " NAMPOE 180
NSCRCE=2 e R N NANEDE 184 .
Ly 2 ’ NAMNPDZ 182
C NE OENOTE S1 AND S2 AT BOTTOM OF UPPER HALFSPACE BY Fi AND £2, THEIR NAMPNE 183
- € COMPUTATION 1S AS FOLLOWS. NANPOE 184
- 20 TzMax=2 NANPDE 185
JEIMAX+L NANPOE 186
. 134N} NAMPOE 187
| YXZUXI(J) NAMPOE 188
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VYsVYI () NANPOE
CALL AAZA(OMFGA +AKXeAKYCoVXoVY4A) . NANODE
XZALL,2)%%24A01,2)%41(2,1) o NANPOE
o 1 . IF(X +LEe GoC) GO YO 200 . NANPDE
S RN G=SQRT (X) . .. nNanpnE
O GRT2SNOY(G) NANOOF
¥, " FL2=GRT®ALL,2) . e e e NAMADE
; F22GRTS(A(L41)4G) NANPDE
’ ¢ NAMODE
E- 1 C WE COMPUTE ZF RZPRESENTING THE NOTTOM OF THE UPPEX HALESPACE NAHDDE
k- . IM=20.0 e e e e . NAMPOE
e IF(INAX +EN. 0) GO YO 33 NAMEDE
00 3G IC=L,IMAX . NAMPOE
E- 30 ZHSZMAHICIC) NAMPDE
] ¢ . - . . NANRDE
: C WE STOSS FiP,F20,ZMP HAMODE
2 34 FiPaFy . .. : NANPOE
E ] F2p2F2 . NANPDE
= INPIZH e e S . - ' NANROE
¢ . NANPDE
3 C CONPUTATION CF LAYJZ(JZ) AAC JELT(JSZY NAMPDE
C LAYJZ(J2) IS THZ INDEX OF THE LAYER IN WHIGH 21320J2) LIES, NAMBOE
€ WHILE DZLT(JZ) IS THE DISTANCE OF ZIJZ(JZ) ACOVE THE BOTTOM EOGE OF  NAMPOE
1 C THE LAYER NANMGDE
2 ) 00 35 J4Z31,2 . . .. . . NANACE
: LAYJSZLIZ)=THAX Y . . NANPOE
32 CELT(IZ)=2132(I2) =M ) ) NANPOE 215
TFGOELT(JZ) .GTe G.0) GO TO 35 NANRDE 216
3 LFLLAYIZIIZY .EN. 1) GO TO 35 . e L NANPOE 217
¥ LAYIZOIZISLAYIZ(JIZ) =2 NANPOE 218
JEILAYIZ(JI) . .. -—— NAMPOE 219
INIZN-YT (48) NAMPOE 220
C AT THIS POINT ZM OSNCTES THZ BSOTTON OF THE LAYJZ(JZ) LAYER NAMPOE 224
- GO 70 32 NAM2DE 222
3% ZnazNp . o, . i s NAKPDE 223
1 ¢ NANPOE 224
e € COMBUTATION OF € MATRICES FOR ALL TIMAX LAYERS OF FINITE THICKNESS NAMODE 225
R € EM{IFJJP) FOR I-TH LAYSR IS STORZD AS SMP(I,IP.JP} NAMPOE 226
. 00 36 Is3,IMAX - .. . NANPOE 227
- CeCItId NAMSDE 228
: AR} £ 277 345 & I e ——— . NAMPDE 229
vYsvYI(I) : " NAMPOE 230
. HSHI(D) e o— NAMSDE 234
CALL nrnu(onccn.Axx.axv.c.vx.vv.u.en» NANPOE 232
4 , cew . DO 36 1931,2 .o . T NANSDE 233
* 00 36 Jo31.2 NAMPOE 234
R 36 EMPLI,IP9JPIZERLIPIIP) | | o e vmean NANPOE 235
1 ¢ NAMRDE 23
1 C COMBUTATION CF RPP MATRIX. THIS ACCOMPLISHES THE SAME AS CALLING NAMPOE 237
| € SUIRCUTINE RRRR NAMPDE 238
RP3(1,1)=1.0 e e it v ammmeee v e am——— ramm s NANPOE 239
N RPP(1,2)=0.0 . NAMPOS 240
4 ) RPA(2,1020.0 . .. . _._. r erme ——— e s o v 14 e s s A o . NAMODE rL3
1 , RPO (2421210 NANSDE 242
00 3J& Is31,IMAX - oo o = e s w—ntn 2t meemamm e .. NAMPOE 2L3
JASAZIMAX#L-T ) NAMPOE 244
] i . 00 37 I831,2 et vme e b e ot NANPOE 245
. . .:00 37 J0=1,2 NAMPOE 246
1 ! 37 CUNMY(IP,J2) SEMC(JASASIP 1) ¥REO(L,U0) +EHO(JASAS TP+ 2)*RPP(2,+4P) NAHONE 267
! 00 34 IP=1,2 NAMPDE 2u8
F | 0Q 38 4rP=1,2 C e een e ceea NAMSOE 249
3 I 38 RPO(IP,JP)=0UNNY (IP,UP) NANPOE 250
S ¢ ) NAMPOE 251

QUOT = ABSIRPP(14+1))/7CLBSIRPO(1,1)) ¢ABS(RPP(1,2)) +aBS(RFP(2,1)) NAMPLE 252

e

e P TR T
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3 +ABS(POP(2,42))) RANPOE 253
IF 1 2907 LY 0.1 ) GO TO 129 NAMPOE 254
FRA0T=F2P/RPP(1,1) NAMPNE 255
GO TQ 159 NANPNE 256
120 QUOT = ABS(RPO(1,21)/CABSIRPP(1,1)) ¢ABS{RPP(1,2)) ¢ABSIRPP(2,1)) NAMBOE 257
1 +A0S(!PP(2,2))) NANPOE 258
IF ¢ QUOT +LT. 0.1 ) GO TO 130 NAMPOE 259
F2N0T=2=FLP/RPO(1,2) ' NAMPOE 260
60 T0 45¢C NANAOE 262
130 F230T32PP(2,1) *F124RFP(2,2)F2P NANPOE 262
158 r2por=r2eo0r NANSDE 263
PHIL(1)=0.0 NAMNIDE 264
PHIZ2(1)=F280T7 NAMSOE 265
KToupPay NAMBOE 266
Kz IHAX ¢l NANPOE 267
PHILIKIZFLP NANPOE 268
PHI2(K)=F2R NAMPOE 269
338 TA=PHIL(X) NANPOE 270
- T22PHI2(XKY NANPOE 27s
KsK=i HANPODE a7
IFCK +E£C. 1) GO YO 4GO NAMSOE 273
C2CI(X) NANPOE 274
VX VXTI IK) . NANPDE 275
VY sVYI(K) NAMPODE 276
CALL AAAA(OMEGA ¢AKXyAKY 4CyVXWVYoAD NAMPDE 277
XZACLe2)2024A0L42)%A12,1) NAMPOE 278
IF(X «GTs 0402 GI TO 34D NANPDE 279
333 PHIL(KIZEMO(Ka1y1)PTL4INE(Kal02)0T2 NANPDE 280
PHI2(KI2EMDI (Ko 24 1) *TL4EHP (K 42420 %T2 NAMPOE 281
60 Y0 331 NAPENE 282
360 DL=A(L,1)5TL+ACL 20002 NANMPOE 283
023A(2,1)4T2+A(2,20%T2 NANPOE 2AL
IF ( D1 oLTo 04C +ANGe TL «LTe 040) GO TO 341 NAMPOE 285
A IF § O1 «GTe 0ol +ANDe T1 4GTs 040 ) GO 1O 3J&i NANFOE 286 .
IF ¢ 02 oLTs 040 JANG. T2 LT, 0.0 ) GO TO 348 NAPPROE 287
IF (.92 GTe 00 oANOe T2 «GTe 040 ) GO TO 34t NAMPOE 208
: 6o Y0 332 .. . NAMPOE 289
. 343 CONTINUE - NAHBOE 290
3 C AT THIS POINT THE CURRENT VALUZ OF X IS NOT 2ERG OR ONE N 1POE 292
: KTOyP=K NAMPOE 292
1 * T00 360 K22,KTOUP R NANADE 293
- JETaK~-4 NAMBOE 294
TLEPHIL(IETY . NAMIOE 295
T2EPHIZLIET) NAMPOE 296
- PHILIKIZEMPIJET ¢242)%T1EMO(IET4142)°T2 NANPOE 297
k 360 PHI2(KIZ<EMP(JET 42911 *TL4EMP(JSToL01)T2 NAMPOE 298
4060 K2C1 = 0 . NANROE 299
3 NZC2 = 0 NAMPOE  30C
IAPLINX = . NANPOE 30L
j TAO2MX = 8 NANPOE 302
APLEX = ABS(PHIL(1)) NAMPOS 303
- AP2MX = ABS(PRI2(1)) NAMPOE 304
00 407 LnimMisi,INMAX NAMPOE 305
+ LN 3 LNML ¢+ 1 NAMPOE 306
] APLP = ARS(PHIL(LN)) NAMPOE 307
s IF (APLP,.LE.APLMX) GO TO 403 NAMPDE 3Cs
’ IAPLINX = LN . NANPCE 309
. APLNX = APLP NAMPOE 310
1 403 AP2P = ABSIPHIZ(LN)) NAMPDE 311
. IF (AP2P . LELAO2MX) GO TO 405 NANPOE 312
] AP2MX = Ap2P .. NANPODE 313
’ IAPZHX = LN NAMPOE i
s IF ((P“Il(LNPI!‘FHIL(Lh)) LT.0.0) NZCL = NZCL ¢ ¢ NANPDE 315
IF U(PHIZ(LNNL)®PHI2ILNID LT 043) NZC2 = N2C2 ¢ ¢ NANPOE 316
{ |
!




Ay

Ty
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407 CONTINUE NAMPNE
RL = BHIL(IAPLMX)ZAP2MX NAMPOE

R2 ® PRI2(IAP2MY)/7APZMX NAMBOE

R3 = PHI2(1)/aF2MX NANPDZ

WRITE (6+409) OMEGAWWPHSE,IAPIMN4PL o NZCLs IAP2ZMX¢R24NZC24R3 NAMPDE

409 FORMAT (LH ¢2FL12:599Xel3¢F12:5+9X913+9XeI3eF12:59+9%¢13,F124.5) NAMPOE
4315 00 450 J2=1,2 NAMPOE
IOAXLAYJZ(I2) NAMENE
C=CI(IDA) NANPOE
VX=yXI(10a) NAMPOE
VY2VYI(1IDA) e e meene - NANPOE
ClJZ(JI2)=CI(IDAY NAMPOE
VXIJZ2(42)=VXI(I08) B . NAMPOE
VYTJIZ(JIZI=VYI(IGA) . NAMPOE
IF(IOA EN. IMAX$1) GO TO 420 — NANPDE
IFCI0A JLE. KTQUS) GO TO 420 NAMPDE

. JET=zI0As} I NAMPDE
HEHIC(I02)=DIL TIU) NAMSOE

CALL KYNMMIOMEGA AKX eAKY e CoVX oVY oHEM) .NANPOE
SL(UZITIM(L 1) *PHIL (JSTI4EM(L,2)°OHTI2 (JETY NAMFDE
S2CJIZITEN(201) *PHILIJETIFEM(242)*PHIZLJETY . NANPOE

GO TO 450 NANPDE

420 EONZEXP(-G*DILT(J2)) . NAMPNE
S1(JI2V2F1P*EQH ' NAMPROE
S2(JZ)=F P EON — - . NANPOE

GO T0 450 ’ ) NANGOE

430 HEDELT(JZ) e o NAKPOE

' CALL MMPFIOMEGA 4 AKX e AKY 4 CoVXaVYoHEM) NANPOE
. SL(JZIZEM(2,2) *PHIL(IDA)=EM(L1.2) *PHI2(I0A) e NAMPOE
S24JZ)Z-EH(241)*FHIL(I0A) +SM(L42) *PHIZ (IDA) NANPODE

480 CONTINUE N e e e temenan o NANPOE

¢ . NANPDE
C AT. THIS POINT S$(J21,S2(J2)+CIJZ0IZ) s ETC. ARE STORZD FOR JZ21 AND 24 NAMPOE
C WE COMPUTE THE DOPPLER SHIFTED ANGULAR FRENUENCY AT SOURCE ALTITUNE. NaMPNE
100 BOM=OMEGA=AKX*VXIJZ (NSCILE) =AKYSVYIJZ(NSCRCE) - NAFPOE

¢ . NAMPOE
C NE COMBUTE ZFN AT OPSSOVER ALTITUNE NANPDE
2ZFN3(,0098/7CIJZ(NISS)I*S1(NOTS)=CIJZINOBS)*S2(NOBS) NAMFOE

c . NANPOE
€ MERE NE TAKE THE ACCELERATICN CF GRAVITY TO BE 0098 XM/SZCe*2, NAMPDE
.C e . et e e——————— - NANPOE
C COMFUTATION CF INTEGRALS . NANEOE
Ir=3 - NAKMPDE

CALL TOTINT(GHEGA,AKXeaKYoIToLoX3oPHIL,PHIZ), . NANPDE

. IFLL +ENe =1) GO TO 201 . - . NANMPOE

IS L34 NANSOE

v wu_ CALL TOTINT(OMZRA,AKX,AKYoIToLoX79PHIL,PHI2Y __ . ‘NANBOS
IFIL +E0. =1) GO TO 209 .- NAMPOE

c ) . e e e e et e e NANPDE
€ FINAL ANSHER NAMBOE
AMPLTOS 0.5%S2(NSCRCE)®2FN/((X34XT)*30M) e NANPOE
CI{IMAX) = SAVE NAMBOE

e _._RETURN - o o . __ NANPSE®
NAMPDE

C IF YOU ARRIVE HEZPZ, THE UPSER BOUNGARY CONDITION COULD NOT DE_SATISFI NAMPOE
200 AMPLTG=0.0 NAMODE
CIIMAX) = L1.ES NAMPDE

GO TO ¢ NAMPOE

C .. NANPDS
€NO NANPOE
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nr
J18
119
320
321
32z
I3
326
325
326
327
328
229
330
331
332

333 -

334
3¥s
336
337
338
339
340

Il

342
63
Jb&
345
346
L7
Jus
L9
350

. 354

352
353
356
355
3156
357
358
359
360
361
362
363
J6k
365
166
367
368
369
370
371
372
373
376
375
376
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SUSROUTINE NMOFNIOMEGA ¢ VYPHSE s THETK o L+FPP K) NMOFN b3
c NMDFN (SUBROUTINE) 7725768  LAST CARD IN OECX IS NMOFN 2
c . NNOFN 3
¢ eeaspABSTRACT v oe= . KMOFN A )
¢ NNMCFN s !
C TITLE = NMDFN NMNFN 6
¢ SUBROUTINE TO COMFUTE THE MOIFAL MODE OISPIRSION FUNCTION FPP  NMOFN 7
¢ FOR GIVEN ANGULAR FRENUENCY OMEGA, PHASE VSLOCITY MAGMITUCE NMOFN 8
e VAHSZ AND PHASE VELCCITY DIPSCTION THETK. FPF SHOULD VANTSH  NMOFN 9
¢ IF B80TH UPPSP AND LCWER POUNDBARY CONDITIONS ARE SATISFIED FOR NMOFN 10
[ THE SOQLUTIONS OF THE RESIOUAL ENUATIONS NMOFN 11
c NMOFN 12
c OCPHILIZ0Z = A(1,1)%OHIL(2) + Al1,2)*PHI2(D) NNOFN 13
¢ NNOFN 14
¢ DEPHI2I /02 2 A(Z,L)*FHTL(Z) + A(2,2)*PHI2(Z) NMOFN 15
] NMDFN 16
c HHERE THE ELEMENTS CF THE MATRIX A VARY WITH HEIGHT Z. SYT ARE NMOFN 7
c CONSTANT IN EACH LAYZR OF A MULTILAYER ATMOSPHSERE. THE ELEMEN NMOFN 18 ‘
c OF & ARE FUANCTIONS CF OMEGA, AKX AND AKY. AS DESCRISEO IN NMDFN 19 ;
¢ SUSROUTINE AAAA WHERE . . e NHOFN 20 \
c NMDFN 2
¢ UKXZOMEGA®COS (THETK) /VPHSE . NMDFN 22
¢ NHOFN 23
¢ AKYTOMEGA®SINITHZ TK) /VPHSE - NMOFN 24
c NMDFN 25
(] THE FUNCTIGN FPP 1S CEFINEO AS THS VALUE OF PHI1 AT THE GROUND NMCFN 26
c (Z30) WHEN (1) THE UPEZR NJOUNDA®Y CONDITIGN OF PHIL ANO PHI2  NMOFN 27
[ BECPEASING SXOONFATIALLY WITH MSIGHT IN ThC UFPER HBLFSPAGE NMOFN 28
c IS SATISFIEC. AND (2) OHIL ANO PHI2 AT THE 30TTOM OF THE URSER NNOFN 29
3 b HALFSFACE ARE GIVEN 8Y Al1,2) AND =(64A(141)) WHERE NMOFN 30
;. c GESORT(A(1¢1)%%2+8(342)%4 (24130, THE ZLEMENTS OF A HERE APE  NMOFN 3
3 c. THOSE APPROORIATE TOQ THE UPFE® HALFSPACE. COMDITIONS (L) ANO NMCFEN' 32
! c (2) ARE NOT INOZPENCIAT, “CONDITIOM (1) IMPLIES THAT G®*2 ,GT. NHOFN 33
1 c AND CONDITICH {2) WITH 64+2 POSITIVI IMPLIES (1). IF G%*#2 IS NMCFN 34
; ¢ NEGATIVE, FFP DOES NOT SXIST AND L=~1 IS PETUPNSOe OTHSIHISE NMOFN 35
¢ ...L33 1S RETURNEOD. e e ey mmme e m NMOFN z
3 c - NMOFN 37
C PROGRAM NOTES R o . NMOFM I8
3 ¢ - NMCFN 39
c THE PARAMETERS CEZFINING THE MULTILAYER MOOEL ATMOSFHERE NMOFN 40
. , c ARE PRESUNEG 10 BE STORED IN CONMON, . NMOFN b1
c O . NHOFN 42
¢ THE SUPROUTINE KPRF IS USZD TO GEMISATE THE PATRIX RPP  NMOFN u3
.C WHICH CONNECTS SOLUTIONS OF YTHE RESIDUAL EGUATIONS AT NMOSN L
3 c THE BOTTOH OF THE UGPER HALFSOACEZ TO SOLUTIONS AT ThHE NMOFN X
e c GROUND. IN TERMS OF THIS MATRIX, THZ NFOF IS GIVEN BY  NMDFN 46
4 c . . NMOFN [ 4
3 ¢ FPOx RPP({141)%A{192)-RFO(1,2)%{G+A(L1,1)) L. NMDFN “8
5 ¢ . NNDSN 49
4 C LANGUAGE <~ FORTRAN IV (360, REFERENCE HANUAL C22-6515-4)  _ NFKDFN 50
c NMOFN 51
b € AUTHOR  ReDePIERCEs MeleTes AUGHST,1958 e e NMDFN 52
E ¢ . NMOFN 53 !
3 ' c eaneCALLING SEQUENCE==== . NMCFN 54
3 ' Cc NMDFN 55
€ SEE SUBROUTIMES LNSTHNyWIGEN,MPOUT NMOEN €6
¢ CIMENSION CYO100)oVXI (100 4VYTI(160) 4HICLG0) NMOFN s7
) ¢ COMMON IFAX.CI VYIVYI,HI. (THESZ MUST BE STOREO IN COMMGN) NMOFNR 58
c CALL NPOFN{OMSGA ¢VFHSE+THETK oL +FOP4K) NMOFN 59
¢ I e - NMOFN 60
) 4 ee=eEXTERMNAL SUARQUTINES RENUIREDewee NMDFN' 61
; ¢ . NMOFN 62
¢ RRRR o MMIMM,ARARA,CAL,SAL NMCEN 63
g ] NMOFN 6l
]
|
]
‘;
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c . eacARGUFERT LISTowen NMOFN 65
¢ NMOFN 66
[ GMZGA R%Y ND NP NNOFN 67
¢ VPHSE R*4 NO INO . L. NMOFN ]
c TNETK L1 NO IND NNOFN 69
¢ L p L1N NO our NNDFN 70
c Fep R*4 ND Qur _ ‘ . . NMOEN "
¢ S 1% ND OUT (ALRAYS RETURNED AS K=0) NMOFN T2
‘¢ NMUFN 73
€ CONMON STORAGE YSEQ . - . NMOFN 7%
c COMMON IMAX,CIoVXIWVYILHI . NMOFN 75
c : L. : . NNOFN 76
c IMAX T%4 ND IN® NMOFN 144
¢ eI R®4 100 INP .. . NMCFN 78
¢ vxi R%4 100  INP NMOFN 79
c VY1 © RS 100 INe NMOFN 0
¢ M1 . R%4 100 INP ) NMOFN 8
¢ - .. NMDFN 82
¢ ccceINBYTSeenn . NMOFN 83
¢ . . . e NMOFN 84
e. OMEGA SANGLLAR FRENUTNCY IN RAD/SEC . NMOFN 1]
¢ VOMSE 2ZPMASE VELCCITY MAGAITYOZ IN KM/SEC NHOFN T
c THEYK =PMASE VELCCITY DIPECTION RECKONEC COUNTER CLOCKKISE NMOFN 8?7
¢ FROM THE X &XIS IN OAGIANS . NMOFN a8
¢ THAX INUMEZR GF LAYEFS OF FINITE THICKNESS NMOFN 89
. eIt . ZSOUND SPEEC IN KHM/SSC IN I-TH LAYER NMOFN 90
c I =X CCMPONEAT OF WINC VSLOCITY IN I-TH LAYSR (XM/SSC) ' MHOFN 9
c VYI(I) =Y CCMFOMENT OF WINC VSLOCITY IN I«TH LAYER (KM/€EC) ‘NMOFN 92
| c HICI) 2THICKNESS IN KH OF I=TH LAYER OF I=TH THICKAESS NMOFN 93
- . ¢ . . - . NHOFN 9%
‘ c OUTFUTS NMOFH 95
1 €\ e . NMOFN 9%
c L #1 IF NORFAL HODZ CISPERSION FUNCYION EXISTS, =1 IF  NMOFN 97
3 c. L IT 80ZS NOT. .. NMOFN 98
k € FPp ENCRMAL MCCE DISPERSION FUNCTION NMOFN 99
g) ! ‘ c 3 e~ SDUMMY PARAFETEP ALWAYS RETURNED AS K30 _ . NMOFN 100
- = ¢ . NMOFN 104
F { .C.. R eeasPROGRAM FOLLOWS BELOHm=e= . . _ NMEFN . 102
| ¢ . NMOFN 103
¢ . NMDFN 104
C DIMENSION AND COMMCN STATEPENTS LOCATING PARAMETERS CEFINING MOOEL NMOFN 105
8 € RULTILAYER ATMOSFHERS NHOFN 166
y OIMENSION CI(LGCYoYXI (1000 4VYTCLGG) 4HILL00) NHOFN 107
- woer. COMMON IMAXoCIoVXIoVYIeNY .. . NMOEN 108
3 ! c NMOFN 109
! DIMENSION A(242) +RPP (2420, NHOFN 110
! , . NMCFN 111
4 ; C COMPUTATION CF AKX AND AKY NMDFN 112
§ AKXZONEGL*COSITHETK) /VEHSE NHDFN 113
,k AKYZOMEGA®SIN(THITK) /VFHSE NMOFN 114
4 . c . NMOFN 115
, C COMPUTATION GF MATRIX A £ND G%%2 FOR UPPER WALFSPACE. NMDFN 116
. JEIMAXeL : NMOFN 117
%, c=CcItN - . ——— e . NMOFN 1123
1 | VX3YXT () NMOFN 119
. VYsVYI(d) NMOFN 120
: ; - CALL ABAALOMEGA AKX AKY CoVXoVY4a) NMOFN 121
’ : GUSQZAIL1,1)%%208(1,2) *A(2,1) NMOFN 122
c NMOFN 123
IF(GUST «GT. 0.0) GO TO 1t NMCFN 124
o t . NMOEN 125
i € GUSQ IS LESS THAN ZEFO NMOFN 126
i . L=-1 NMOFN 127
2 {
i
i
: |
3 3
L !

= — o — . - ‘. . o7
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RETURN . NMOFN 128
[ . NMOFN 129
C GUSQ IS GREATER THAN ZERO NMOFN 130
14 L=} NHOFN 134 -
GU=SARTIGUSQ) NMOFN 132
[ ' NMOFN 133
C COMPUTATION CF RPP MATRIX NMOFN 134
CALL RRIN(OMEGA 4AKX ¢AKY 4 OPP4K) NMOFN 135
¢ . .. NMOFN 126
€ COMPUTATION OF fFPP NMOFN 137
FPP 3 RPF(L91)%4(2+2) = PPO{1,2)°(GU+A(L,4L)) NMOFN 138
[ . NMOFN 139
‘RETURN NMOFN’ 140
END NMOFN 161
F. ;
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ROUTINE NXHCC‘(IST.JST.&OHokv3'IN"OD"X’NOoJFNOoK)
ENSIGN INMOOE (L

00E (SUBROUYINE) 6724768  LAST CARD IN DECX IS

cceccABSTRACT=oew

TITLE ~ NXMODE

LANGUAG
AUTHOR

SEE su2
orN
CAL

NO EXTE

IsT
JST
NOM
NyP
INM
IFN
JFN
K

HO CCHM

IsT

PROGRAM TO FIND A FOINT WITH COQRCINATES I=IFNDJSJFNC IN AN
ARRAY WITH NOM COLUMAS AND NVP ROWS. FOUND PCINT CORFESPCNOS
TO STARTING PCSITION FOR CALCULATION OF 9HASE VELOCITY VERSUS
FREOQUENCY OF A PAKTICULAP GUINED MOJZ. A TABLE OF VALUSS OF
THE SIGN OF THZ NCRMAL MODS CISFIRSION FUNCTICN IS PRESUHED
TO BE STOREC AS IMMCRE((J=~1)*AVP+I) FOR EACH POINT (I.J) IN TH
ARRAY, OIFFERENT CCLUMNS (J) CORRESPIND TO DIFFERENT FRECUEN=-
CIES WHILE CIFFERENT FOWS (I} CORIESPOND TO DIFFERENT PHASE
VELOCITIES, THE SEARCH PROCEEONS FROM AN INITIAL SNINT (IST,JS
Y0 SUCCESSSIVE ADJACIANT FRINTS HAVING THE SAME INMODE AS THES
STARTING FOINT, THE DETEPMINATION OF (IFND,JFNC) IS SURJECT T
THE FOLLOHING RULES.

1+« IT MUST LIE BZLOW QR TO THE LEFY OF A POINT WITH

OPPGSITE INMOCE

.2 IF MUST 82 THE HIGHEST POINT (LOWESY I) IN THE REGIO
SATISFYING CONDITICM 1

3¢ IF YORE THAN 1 POINT SATISFY 1 AND 24 THEN THZ FOINTY
DETERMINED IS THAT FURTHEST TO THE LEFT.

he ONLY POIMTS IN THE RECTANGLE ARE CONSIOERED

THE COMPUTATICN ASSUMES RFGION OF SUCCESSIVELY AQJACENT SOINTS
HAVING SAME INMOOE IS SIHPLY CONNHICTZO AND THAT FHASE VILCCITY
CURVES BENC OCHHHARCSe IeEeo CVRI/DIOM) LT. O¢ (THIS CAN BE
THE CASE ©R0VIDING VP IS GREATER THAN THe MAXTHUM WIND
VELOCITYs) IF THE FCINT IS FOUNDy K3$e IF NOT FOUNDy Kzl

€ = FORTRAN IV (360, RCFERENCZ MANUAL C28-8515+-4)
- ‘OOOPIERCEO BeleTos JUNE.1966.

ee==CALLING SENUENCE===-

R ¢ meseme

QOUTINE ALLMOC

ENSION INMONE (1) (VARIABLI OIMEASIONING)
L NXMODZ (IST¢JSTsMCFoNVP. INMCOE o IFND s JFNDsK)
RNAL SUSROUTINES ARE REAUIRIO _
@eesARGUNENT LIST-ow-

It NO  IN®

It  ND  INP

I*¢ NO  INP

I« NO  INP
00E 1% VAR  INP
0 I*s NO  oOUr
o Is¢ NO  oUuT

Is4 NO  OUT
ON STCRAGE USED -

ecnesINPUTSewre

SROW INCEX OF START POINT

NXMONE
NXNMGOE
NXMODE
NXNMCDE
NXMOOE
NXMOOE
NXMOOE
NXMODE
NXNOOQE
NYMGOE
NXMONE
NXMO0E
NXMOOQE
NYXMOOE
NXMCOE
NXMODE
NXMONE
NXHO0E
NXM00E
NXMOOE
NXMOOE
NXMODE
NXMODE
NXMOOE
NXMOOE
NXMO0E
NXMOO0E
NXM00E
NXMQOE
NXMOOE
NXMOODE
NXMONE
NXMQDE
NXMOUE
NXNMCNE
NXMOOE
NXMOOE
NXMONE
NXMOOE
NXMODE
NXMOOE
NXMGQOE
NXMOO0E
NXMOCE
NXMOOE
NXMODE
NXHOOE
NXNMCOE
NXMONE
NXHOOE
NXMODE
NXNOOE
NXMQOE

.. NXNOOE

NXMOOE
NXHODE
NXMOO0E
NXNMOOE
NXMODE
NXMODE
NXMO0E
NXMODS
NXMOOE
NXM00S
NXNOOE

DBNONS WA

R O
-

RS —

et
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RN
RN .o

JST
NOM
NvP
INFODE(L)

" IFND
JFND
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3COLUNN INCEX OF START POINT

aNO. OF COLUNMNS OF ARRAY

2NO. OF RChS.OF ARRAY

SSIGN OF NCFMAL MODE OISOPERSION FINCTIONe 1 IF ©90S.y’
«1 IF MEGsy S IF IT DOESN™T EXISTs LET 1ISL MUD NVP,
J3(L=I)/NVP+1., INMODE'.) IS SIGN OF NMOF FOR
OMEGA=0M(J) s OHASE VEL« =VPUI}, WHESE OM(J)} LGE. 0M(
ANR VP(I) JLE. VP(I-1).

ne. en -

cnasQUTEUTS =we

/
2Q0W INCEX CF FOUND ®OQINT
COLUMN INCZXx OF FQUND POINT
2FLAG INCICATING IF FOINT (IFND,JFND) IS FOUNO, 3 IF
YES, =1 IF MO, -

wonaZXAPPLE cnae

SUSPOSZ THE ARRAV OF INNGOE VALUZS IS AS SHOWN BELOMW -

Ll a2 22222 LT
PEEL4000 00

NVoxz8, NON=11

00O ODOGD

s-.--...”.
ss-.--.".’

S vccnncasy
S rcncvenny
* G5 evecvocany

ss-.-.----.

PETREN . “ e

P e e deees Gt te e

1 IFt
J9z(IST=1)*NVO+IST
10=INHO0ECVD)

3 IFL I0 JNEo 3

Fen e e

i +AND.
¢

IF IST=8,JSTS

IF
IF
IfF
IF

30 «NE,

1ST3224,J57=5
IST=34dST27
IST28,JST22

THEN IFNO3IoJFNDOZ2.K=1
THEN IFNC=1,JFND=9,K=1.
THEN TFHCS34JFND=24K3-1
THEN K3=1

IST324JST2L1 THEN Kz

e===PROGRAN FOLLONHS BELOWe===

R O L L

T T

IST +GTe NVF <ORs JST .GT., NOM) 50 TO 100 .

~1) GO TO 100

C FUNCTION EXISTS AT THIS FOINT WITH A& SIGN I0.
C A DIFFERENT INMQOE IS £NCCUNTEREC OR UNTIL HE
IsIST

J3JST .

C THE POINT (IST,JST) LIES IMN THZ ARPAY ANO THE NOPPAL MCOLE DISPEISION

HE FIRST GO UP UNTIL
REACH I3t

.40 IFC I JEQ. 1) GO TO 30 ce e e e e eeieans

Is1-1
J103J=1) *NVP+I
ICHK3INMCOSE tJ10)

. ..IFL ICHK +EQ. I0) GO TO 20 . . __

Isle)
c
C THE CURRENT I IS NOT 4,
C MOVZ TO THZ LEFT,
15 IFC ICHK +2Q. S5} GO
IFt J «EQ. 1) GO TO
J=J-1
J10=(J=1)2NVo+T
JCHX=INNGOE (J10)

OO0

AGAZIN,
IF(ICHK +EQ. I0)
JeJel

e woe

et trmm it ewavS an e

Y. ettt o.

1F THE ICHK OF THZ POINT ABOVE IS NOT S5, WE

C . S @ et oyt s S e 1 b 5 e

T0 50
20

Go Yo 10

‘e e .

Y e e

- ———— . w

——— -

IF THE ICHK OF THE CONSIDERZD NEW PGINT IS I0, WE TRY TO GO HIGHER

* el emie otetran maa -

NXMODE
NXMODE
NXMCOS
NXMOOE
NXMODE
NXMOOE
NXMQDE
NXMOOE
NAMODE
NXMOOE
NXMCOE
NXMOOE
NXHOOE
NXHOOE
NYMOCE
NXMOOE
NXMCDE
NXMODE
NXMOOE
NXMOOE
NXMOOE
NXMODE
NXMODE
NXMO0E
NXMCOE
NXMOOE
NXMOOE
NXMOOE
NXHONE
NXMO0E
NXMQOE
NXMQOE
NXMOOE
NXHOO0E
NXMODE
NXMOOE
NXHMOOE
NXMOOE
NXHQOE
HXMONE
NXMODE
NXMQOE
NXHMQOE
NXMOOE
NXMJOE
NXMODE
NXMOOE
NXHOOE
NXMQDE
NXMHOOE
NXMODE
NXHODE
NXMOOE
NXMOOE
NXMHOOE
NXMODE
NXNODE
NXHODE
NXMOOE
NXMODE
NXMONE
NXNQODE
NXMODE
MXMQOE

100
102
102
163
104
105
106
17
108
109
110
111
112
113
116
115
116
117
118
119
120
121
122
123
124
12s
126
127
128
129
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C WE HAVE ~I0 ABOVE THE CURREMNT FOINT AND ARZ EXTHER ON THE FA® LEFT OF NXMOOS 130

€ THE TARLE OR ELSE FAVE A CIFFERENT SIGN AT THE BOINT TO THE LEFT. NXMODE 131
€ THIS IS INTEQRPRRETEC AS SUCCESS. NXMOOE 132
20 K= . NXHONE 133
IFND2T .. St e weese e e NXMODE 136
JFND=J NXMOOE 135
RETURN . - . . NXNOOE 136

¢ - . NXMODE 137
C THE CONSIDERED NEW POINT IS CN THE FIRSY ROWe WE GO TO THE RIGHT. NXMODE 138
30 IFC J EQ. NOM) GO TO 60 NXMONE 139
JeJel Ce s . — e r NXMO0E 140
J10=z(J=1)*NVPe] . HXFODE 16y
JCHX=INMOOEZ(JL0) - NXNGOE 142

IF( ICHX +£Qe IG6) GO TC 30 NXMOOE 143

JzJ-3 . . NXMONE 164

c NXMOOE 145
C IF THE POINT AT THE {IGHY CF CURRENT (l,4) IS ~I0, WE HAVE SUCCESS NXMCOE 146

IFC( ICHX +EQ. =10) GO TO 20 NXMOOE 147
c NXMOO0E 1468
C IF IT IS NOT ~I0s WE ALLCh FOR PQSSIBILITY OF INMODES=S5 IN UPPZR RIGH HXMOOE 149
C HANO CORNER OF THZ TASLE ANG TOY TO SKIRT THESTE FIVES BY MOVING EITHE NXMOCE 189

C DOHNWARDS OR TQ THE 2LIGHT. MxXMONE 151
&0 IF{ I .30. NVO) GO TO 70 .. . NXMOOE 152
IsIet - . NXMOOE 153
J13z(J=2)*NyPe] : NXMODE t54
ICHK2INMCOZ (J10) NXHONE 155
. c NXNOOE 156
C IF THIS ICHK IS +I0 WE ARE IN A POSITION TO MAKE A TRY CF MCVING TO  NXMOOE 157
C THE RIGHT, e, i .. NXHODE 158 .
& IFC ICHX oNE. I0) GO TQ 40 NXMODE 159
: c NXMODE 160
: €. IF WE ARE ON THE RIGHT MAND SIOE OF THE TABLE THE OESIRED POINT CANNO NXMODE 161
2 C BE FOUNO. HZ PSTURN WITH K==t . - NXPMQOE 162
&5 IFC J EQ. NOM) GO TO 100 HXMODE 163
3 . duJeL . e i e NXMODE L6b
o c . NXMODE 16%
4 . C IT IS TAXIN FOR GRANTED THAT TME INMCDE OF POINT ABOVE CURRENT (I.J) NXMODE 166
. , C IS 5 SINCE IT HAS FOUND TO EE 5 TO THZ LSFT AMO A30VZ. THE INMCLCE OF NYMODE 167
d € THE POINT TO THZ LEFT 1S 10. IF THE NHEW INMOOE IS ¢I0, WZ HAVE 1O ¥R NXHOOE 158
. € TO MOVE FURTHER TO THE RIGHT, NXMOOE 169
J103(J=2)*NVPe I . e NXMOOE 70
, ICHKZINNDOZ (J10) NXMCOE 17t
2 IFC ICHK .20. I0 ) GO TQ 45 e ime e emaee e s NXMOOE 172
J3gey NXMODE 173
4 c . NXMOOE 174
i € IF THE CURRENT ICHK 1S S, WE TOY TO GO OOWN AGALN. THS OTHER ©0SS~-  NXMOOE 17%
3 C IBILITY, ICHKS~IC INCICATES SUCCZSS ——— . . NXMODE 176
: IF( ICHK +£Q. =13} GO TO 20 NXMOOE 44
L GO TO &0 R Lo NXMODE 178
E' ¢ NXMOOE 179
4 € WE CONTINUE HERZ FROM 15. THE POINT ACOVE THE CURRENT (I.J) HAS NXMOOE 180
C ICHK +EQe 54 THE SITUATICA IS SUCH THAT WZ CAN RESUME CALCULATION NXMODE 181
€ AT 45 AND TRY TO MCVE FURTHES TO YHE RIGHY. . _ . . __ ._ . NXMOOE 182
s , $0 GO TO 45 NXMOOE 183
® Pl c . . . NYMNOOE 184
" C WE CONYINUS HERE WITH I=1,J=NOF FRCH STATEMENT 30, SINCE WE HAVE NO NXMODE 165
| C PLACE TO GO THZ SEARCH IS UNSUCCESSFUL. HS RETURN WITH K=-1, NXMOOE 186
] ; 60 GO TO 100 NXMOOE 187
1 A ¢ ) v . ’ NXMODE 188
; € WE CONTINUS HERE FROF STATEMENT 40 WITH I .SQ. NVP ANO INMODE=5 YO TH NY.MODE 189
| C RIGHT OF THE CURRENT (I,J)e WE RETURN WITH K=3-1, ) . NXMOOE 190
70 GO TO 100 NXNOOE 194
e . NXHOOE 192
S . C WE CONTINUE HERE FROM STATEMENT 44 WITH THZ POINT SELOW HAVING NXMODE 193
5
g\.
3 1
i 1
i I -
T Vd




i

paiagss

AR

TR Y Nt AR S g e B
R g TEIT T T O g R A T S e
E R T T I N R SR o e, T T T s s

~130-

C ICHK oNE. 0. THZ POINT AT THE PIGHT HAS ICHK .EO, 5. WE CANNOY NXMODE
C. SKIRT THE FIVES ANC MINCE WE RETURN WITH Kze1, NXMODE
80 Go.TO 100 . L S NXMOOE
¢ : . NXMODE
C WE CONFINUZ WERE FROM 133,45.60473,0R 80, THE SEARCH WAS UNSUCCESSFU NYNODE
100 K=-1 NX¥0DE
RETURN NXHODE
ENO NXMOOE

’)

194 :
195 .
196 -
197 i
193
199
200
208 "
R
H
",
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SUBROUTINE NXTENT(I1,J1¢ITYPLeT20J84ITYP2,NIOWNCOL s INHsK) NXTPNT 1

¢ NXTPNT (SUAROUTINE) 6726769  LAST CARG IN OECK IS NXTPNT 2

c . e e e - . NXTENT 3

¢ NXTPNT b

c eecspABSTRACT»e=e . . NXTONT 5

c NXTENT 6

C TITLE - NXTENT . HXTPNT ?

c PROGRAY YO FIND THE MSXT POINT (I2,J2) OF AN ARRAY OF NN ROHW NXTFNT 3

c ANG NCOL COLUFNS GIVER THE PRECEDING POINT (I10J1)s ©OINT WIL NXTPNT 9

¢ ®E USED IN SURSEQUINT CALCULATION OF A PARTICULAR POINT DA THE MXTONT 10

¢ PHASE VELOCITY VZRSUS FREQUINCY CURVE OF A GIVEN GUICED MODE. NXTFRT 11

c A TABLE OF VALUZS OF THE SIGN OF THE NORMAL MODE OISFERSION  NXTPNT 12

¢ FUNCTION IS PRESUMEC TO BE STCRID AS INM((J-1)*AVP4I) FOR EACH NXTPNT 13

c POINT (I,J) IN THI AFRAY, GIFFZRENT COLUMNS (J) CORRESOGND TO NXTENT 14

c OIFFERENT FRIQUENCIZS WEILE DIFFZRENT RO4S (I) CORRESFOND TO  NXTENT 15

¢ DIFFERENT PHASE VELCCITIES, SUCCESSIVE POINTS ARE CHARACTERIZ NXTENT 6

c 8Y A TYPZ, ITYPL IS TYPE OF (Il,J1) WHILZ ITYS2 IS TYFE OF NXTANT 17

¢ SECOND ©0INT, THE TYEZ INOEX IS { IF THE OOINT DIRSCTLY ABOVE NXTPNT 18

¢ . THE CONSIOERED POINT HAS AN INM OF OPOOSITE SIGNe IT IS 2 IF NXTPNT 19

¢ THE POINT TC THZ RIGHT HAS INF OF OPPOSITE SIGN. SINCE 20TH  NXTFNT 20

¢ POSSIBILITIES CAN CCCURy THE CESIGHATED TYOE INDEX ITYPL CENOT NXTONT 2

c THE PREVIOUS USE GF THMZ POINT (IL1,J1) IN COMPUTATION. THE VAL NXTENT 22

¢ ITYP2 WILL IN GENEFAL DEFENC ON THE PREVICUS VALYE TTYel, NXTENT 23

¢ THE OERIVED VALUES OF I24J24ITYP2 ARSI CALCULATED AS FOLLOWSe  NXTPNT 24

¢ .. NXTENT 2%

¢ 1o IF ITYPL IS L END INM OF POINT TO RIGHT IS OPO0OSITE NXTPNTY 26

c ... . ... OF I0ZINMC(J=1)*NVP+1), THEN I2511,J2201,1TYP2=2, NXTPNT 27

c NXTENT 28

8 c. ... .. 2e. TME POINT (124J2) PUST ZITHER 9€ THE OIRZCTLY ACJACE NXTPNTY 29

3 ¢ ®CINT TO THE RAGHT (TL,J1¢1)y THE POINT OTRECTLY SEL NXTANT 30

| JRe— . €I3984J1) C THE ACJACEMT POINT TO THE LOWER RIGHT NYTRRT 3

4 ¢ (I1e8,J242) IF COMOITION 1 JOES NOT HOLD NXTENT 32

- . . NXTENT 33

E ¢ 3. THE CHOSEM FOINT PUST HAVE THE SAHE INH AS (I1.J1)  NXTPNT 36

€ e . ANO HAVE A FOINT EITHER OIRECTLY ASOVE OR CIRECTLY ¥ NXTPNT 35

A c - : THE RIGHT HITH OPFOSITE INNM. . NXTENT 36

E C e e e NXTPNT 37

¢ e IM THE EVENT MORE THAN ONE POINT SATISFY COMDITIONS NXTENT 38

| € . veeem men. .. 2 AND 3, PRIORITY OF SELECTION IS (1) THE POINT TQ  NXTPNT 39

‘ c THE RIGHT, (2) THE FOINT DIRSCTLY BILOW, (3) THE POL NXTENT ]

€ .ccee. o . o TO THE LORER RIGHT, IF THME SELECTZIC POINT SATISFIES MXTENT 3

¢ CRITERIA FCR G0TH ITYP2=1 OR 2, ITYP23L IS GETURNED. NXTENT u2

. c . .. OVHERWISE. THZ ASPRCPRIATE ITYP2 IS RITURNED DEFSNOI NXTPN? 43

& ¢ ON WHICH CRITERION 1S SATISFIED. NXTPNT l

¥ ¢ - NXTANT LS

1 ¢ THE COMPUTATION ASSUFES PZGION OF SUCCESSIVELY ACJACEMT FCINYS NXTENT 6

€ ..... HAVING SAMZ INM TC 3£ SINPLY CONNZICTZD AND THAT PHASE VSLCCITY NXTENT &7

¢ CURVES REND GCWNWARCS, IeEey D(VEI/D(OM) oLT. 0. IF NEW POIN NXTENT 48

T ¢ IS FOUNDy K=#1. IF IT IS NOV FOUND, K==8, . . .. .. .. NXTPNT 49

o ¢ NXTENT S0

3 C LANGUAGE = FORTRAN IV (3€0, REFEREINCE MANUAL C28-6515-4) . . .NXTPNT 51

€ AUTHOR « AcDJPIERCEs MoloeTes JUNES1968 NXTPAT 52

4 c : . NXTENT 53

;- ¢ «===CALLING SEQUENCE~=-- NXTENT S4

Coay ¢ . e e . NXTEAT 5

S € SEE SUAROUTINE MOOETR NXTPNT s6

¢ CIMENSION INMOCE(1) (INMCOS IS..SAME &S INM) MXTANT 57

‘ . ¢ CALL NXTFNT(IL14J1,ITYF1,124J20ITYP2,NROW.NCCLy INFOOE KD NXTPNT 58

¢ IFL K oE0¢ =1) GO SOKEWHIRE . . NXTENT 59

¢ USE 124J2,1TY02 NXTENT 60

¢ e e e NXTPNT 61

, C NO EXTERNAL LIGRARY SUBROUTINES ARE REQUILTD NXTANT 62

3 N c . NXTRAT 63

5 | ¢ e==~=ARGUHENT LIST-=== NXTPNT 66
2 .

-

1 .. - e v pe

vemeamara— m— i v T————
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c ] NXTONT 65
X &3 1% ND IN® NXTENT 66
c I 1% NO IN® o v e e s . NXTPNT 67
.C 1TYeL 16 NO INO NXTENT 68
c 12 1%y ND oyt e .. NXTENT 69
c J2 1% NO ouTt . NXTPANRT 70
c IYYP2 p I NO our e . NXTPNT 74
c NROH pLIN NG IN® NXTANT 72
c NCOL %4 NO INP . L. R NXTENT 73
c INN I%6 YAR  IN® . NXTPNT Ta
¢ X I* NO our ; . . . NXTBNT 75
c ’ ‘NXTENT 75
C NO CCMMON STORAGE USED . ) “ . NXTPNT 77 :
c NXTPNT 78 i
¢ eneaINPYTSewon e . . NXTENT 79
c NXTENT 1]
c 11 ZROMW INCEX OF START POINT . NXTPNT 81
c J2 . 3COLUMN INOZX OF START P3ITNV NXTPNT 82
c ITYPL .. =2TYPZ INCEX OF START GOINT. 1 MZANS OOINT ABOVE HAS  NXTPNT 83
c OIFFERZAT INM, 2 MEANS FOINT TO RIGHT HAS DIFFERENT NXTFPNT 84
¢ . . INM, _ . NXTPNT 85
c NROW ZNUMEER CF ROWS IN ARRAY Lo © NXTPNT 8%
c NCOL =NUMAER CF COLUMNS IN ARRAY NXTPNT 87
¢ INM 2SIGN OF NCIFAL MODE DISPERSION FUNGTIONs 1 IF ©CSe.e NXTENT ss
€ e - «L IF NEGey 5 IF IT OQSSN"T EXIST., L&T I:L MOD NVPy NXTANT 89
e JE(L=I)/NVESL, INMCDE(L) IS SIGN OF AMOF FOR HNXTPNT 90
¢ .. ... OMEGAZQM(J) s PHAST VEL. SYP(I)}s HHERE OM{Jd) oGS+ OM{ NXTENT 94
¢ AND VRUI) o E. VOUI-1) NXTPNT 92
s NXTBNT 93
’ ¢ ceesQUTFYISea~= NXTENT 9
] ¢ .. L NXTENT 95
> c 12 TRONW INOEX CF FOUND FOINT NXTFRT 96
: R _ =COLUNN INDIX OF FCUND POINT i o NXTANT ar
) ] 1TYP2 =TYPZ INDEX JF FOUNG POINT NXTRNT 93
¢ XK. " -3FLLG INCICATING IF POINT. (124J2).1S _FOUNDy 1 IF YESe NXTPNT 99
o c . -4 IF NO . ' R R Lt NXTENT 100
o c ... . e : e . NXTANT 104
SN c wwesEXARPLE === .. NXTENT 102
SN c o, NXTPNT 1083
- C SUBPOSE THZ ARIAY OF INM VALUES IS AS SHOm:: bLUUM NXTPNT 104
c . . . NXTENT 105
[ RITTRT XY LT NROWZ28, NCOL=11 NXTPNTY 106
N ¢ . 4140400 C NXTENT 107
‘ c Snecccmtiss IF T1234J1zL.ITYFL=" " THEN I233,J2:5, NXTPNT 108
3 C . o $5encecttte ITYRP23L,K31 . e . NXTENT 109
g c ss.--....—’ NXTPNY 110
3 c 5 reccmcunt IF 1121,J129,ITYPI=2 THEN 1232,42310, NXTPNT 111
3 c - S5 acecnsans ITYF2x,K24 - NXTENT 112
- ¢ §5ecmcnnent ' . NXTANT 113
- ¢ IF 11234J4=7,1TYPL1=1 THEN 1253,42=7, NXTPNT 114
¥ ¢ Tt ITYP2324K31 A NXTENT 115
- . . ’ NXTPNT 116
‘ ¢ -, . e = L TIF T133441318,1TYPLT THEN K2t | NXTPNT 117
) ¢ : ) MXTPNT 118
S, ¢ . .. . C e NXTPNT 119
SR e * @eeePROGRAN FOLLOWS BELOWe==e NXTPNT 120 *
s ) ¢ w - . - NXTENT 121
¢ : NXTPNT 122
c o ' o . T, ... NXTPNT 123
OIMENSION INM(1) ‘ . NXTENT 124 .
. J1L3(JL-Lr*HRON+IL e e i e NXTANT 125
= T0=INM(JLL) i NXTPNT 126
3 i L IFC I0 «EQe 5 +OP. I1 +GT. N20W .OR. Ji oGE. NCOL) GO TO 30 NXTENT 127
: . NXTEAT 128
;
i
3
: |
: !
£
t
1
3 ' < o
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IR IS INN OF POINT YC THE RIGHT,
8§ J12=2(J1)%NQ0H+I1
IRZINM(J12)
6 IFt IR +NE. I0 ) GO TO 15
Y IFL I8 ,EQe 1 ) GO TO 30

20 IS INM OF POINT (IXiedi)s

- - . - oame

IR HAS THE SAMZ SIGN AS I0. WE CHECK IRU REPRESENTING INM OF UPPER

RIGHT POINT., IF THIS IS ~I0, THS

IF IT IS NOT =I0, WE CANAGT FINO
10 J133(JL)*NRONSIL=1
IRUSIHM(J13)
12 IFC IRV .NE. =10 ) GO T0 33
ITYP2ay
I2s1y |
J22J141 —
K21 _ .
RETURN

WE ARRIVE HERE FROM STATENMIAT 6.

RIGHT FQINT IS THZ OZSIRED POINT,
(12.421.

THE POINT 70 THE RIGHT HAS A

OIFFERENT INM, IF THI3 IS ~I0 AND ITYP131, WE HAVE (124J2)=(I1,J1}
WITH ITYP222, IF THIS IS S¢ HE CANNOT FINDO (12,42).

15 IFC IR +EQ. 5 ) GO YO 30

IR==I0 AT THIS POINT
.IFU ITYPL .NE. 1) GO T0 25

12=11 ) e

J2348 .- . ©t
ITYsea2

Kz3

RETURN

IRz=I0, ITYFL IS 2. MHE CCATINUE FRCM STATEMENT 15, IF WE APE ON TH
8OTTOM ROWe WE CANROT FINO NEW POINT

L 25 IF (IL.20,NR0W) GO TO 30

HE CONSINER FOINTS BILOW AND YO LOWER RIGHT
Ji42(JL1-2)*NROH+TIL+1 -

TOTINMCJLY)
JI52(JLI*NOKITIL 4L
I0RFINK(ILS)

IF IOR IS 5¢ WE CANNOT FINC THE NEM POINT .

26 IF( IOR oEQo =5 ) GO ¥C 30

.- s o, x s % N e e miee

- e e

IF IOR IS IO. THE NEXT POINT IS THE CR POINT

27 IFL IOR oNSe I0 ) GO TO 28
. 12314} .
J2zJ1ed
ITvp2sy
Ksg
. .RETURN . R

IR==10, ITYF1 IS 2, IOR IS -I0.
28 IFt ID «NE. 10 } GO VO 30

THE NEXT POINT IS THE OOWN POINT
1231142
J2348
ITYP222 -
X34
RETURN ‘.

HE LRRIVE HERE FROM 147611915425,
30 K=2=y

RETURN L.

END

le e v wee

- am— e v 2 CH rowa ¢ ma

P emltemsa e S e tmi cleee e ememe W e s s

oIS P Bt ee t wms W

WE CONTINUEZ FROM STATEMENT 27.

et it a s et et & N du Afem debbbebbie s .

s s om e s e v at e = e

PEREN B P

26e THE NEXT POINT CANNOY BE FOUNG

B e & e

NXTPNT
NXTPNT
NXTPNT
NXTPNT
NXTPNT
NXTPNT
NXTPANT
NXTPNT
NXTENT
NXTPANT
NXTPNT
NXTPNT
NXTPNY
NXTPNT
NXTFENT
NXTFENT
NXTPNT
NXTFNT
NXTPNT
NXTENT
NXTPANT

-NXTENT

NXTENT
NXTPNT
NXTBNT
NXTPNT
NXTPNT
NXTPNT
NXTENT
NXTENT
NXTFENT
NXTPNT
NXTPNT
NXTPNTY
NXTPNT
NXTPNT

. NXTPNT

NXTPNT
NXTPNT
NXTPNY
NXTENT
NXTPNT
NXTENT
NXTPNT
NXTPNT
NXYFNT
NXTPNT
NXTFNT
NXTPANT
NXTPNT

. NXTPNT

NXTBANT
NXYFNT
NXTPNT
NXTPNT
NXTENT
NXTPNT
NXTPNT
NXTPNT
NXTENT
NXTPNT
NXTPNT
NXTPNT
NXTPNT
NXTFENT
NXTPNT

129
130
131
132
133
136
135
136
137
138
139
140
1461
142
143
146
145
146
147
1s8
149
150
151
152
153
156
155
156
157
158
159
160
161
162
163
166
165
166
167
168
169
170
i71
172

. 173

174
175
176
177
178
179
180
164
182
183
184
185
186
187
188
189
190
191
192
193
194
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SUSROUTINE PAMPCE(ZSCRCE+ZORS ¢ POFND ¢KSTeKFIN,OMHMOD o VPMOD ¢ AKI o PANPRE 1
LAMPALAMGFACT o THETK, NPINT) PANBDE 2 .
¢ PANPOE (SUBROUTYINE) 7730766 LAST CARD IN OECK IS PAMADE 3 :
¢ e . . e - e s PANPOE b :
¢ . ceocABSTRACTweex PANPOE ]
¢ . R e FAUPOE 6
4 C TITLE = PAMPOE PAMPOE 4
2 ¢ PROGRAN TO COMPUTE ANC STORE AMCLITUDE FACTORS AMP(J) AND FACT PANPOE 8
AR ¢ ANO SCALING FACTO® ALAM, THE QUANTITY AHP(J) IS THZ DUANTITY PANPOE 9
i c ¢ AMPLTD COMPUTED NY SLNTROUTINE NAMPDE WHEN THE ANGULAR FRICUENC PAMPDE 10
- ¢ 1S OMMOO(J) AND THE PHASE VELCCITY IS VPMOD(J). IT CORAESPOND PAMPOE 11
- ¢ TO THE NMODE-TH GUICEZD MODE WMEN J IS BETWESN KST(NMCDE) AMO  PAMPOE 12
k. ¢ KFINCKMOOE) o INCLUSIVS, THE OUANTITY FACT IS DEFENDENT ON PANODE 13
. ¢ SOURCE ALTITUCE ZSCRCZ ANC 09SSRVIR ALTITUOE 208S AND IS GIVEN PAMPOE 14
- e PANPOE 15
# ¢ FACT = CONSTSCI(1)*UEC*(PSCRCZ/1.260%¢0,333333 PANPDE 16
. c PAHPDE 17
I [ WHERS: CONST24,3/SORT{24RI), CI(1) IS THE SOUNO SPEED AT THE paANPOE 18
: c GROUNC, (PSCRCE/2.EE) IS THE AMBIZMT FRESSURE AT 2SCRCE OIVIBE PAMARCE 19
¢ . BY THE AMBIENT PRESSURE AT THT GROUNO. THI QUANTITY UED IS pANPOE 20
i ¢ THZ SOUARE RCOT OF (4MBIENT JENSITY AT 2985) /7 (AMBIENT OSNSITY PAHPOE 21
€ ... ISCRCE )e THE SCALING FACTOR ALAM IS GIVEN BY PAMADE 22
) c PANPDS 23
3 . c. ALAM = (3,E€/PSCRCZI**(043I33II*(CIC1) /CILISCRY PAFPOZ 24
. ¢ . . ) PANOGE 25
1° ¢ WNERZ CI(ISCR) IS THE SOUND SFSED AT THE SOURCE ALTITUDS, THE BAMONE 26
. c SIGAIFICANCE CF THESE QUANTITISS IS EXPLAINED IN SUSROUTIME SAMPOE 27
c .. PPANP, . - et e e = PAMPOE 28
¢ PAFPOE 29
C PROGRAM NOTES I T PANPOE 30
] PANPOE 3¢
. ¢ THE OAPANSTERS IHAX,CIWVXI.VYI,HI DEFINING TME FULTILAYE PAMPNE 32
c. AVMOSPHERE ARE FRISUMEL STORED IN COMMON, THE AMBIENT  OANMPOE 33
‘ e - *PRISSURIS ARS COHFUTED 3Y CALLING SUJIAOUTINE ANENT WHICH PAMBOE 3
: ¢ ALSO COMPUTES THE INDICSS I985 AND ISCR OF THZ LAYZIRS PANPOE 35
; ¢ . IN MMICH OBSERVER ANO SOU2CZ, RESPECTIVELY, LIE. PAMPGE 36
c . . PAMPDE 37
S c - IN COFPUTING APEIENT CENSITIES, THE IOCAL GAS LAW BAMSOE 38
¢ RMOT GAFMASF/C¥%2 IS USED. THUS UED = (CIUISCR)I/CT(103S) PAMPOE 39
[ SQRT(PORS/PSCRCE) o . . PALIOE 40
¢ PANPOE Ny
C LANGUAGE = FORTRAN IV (36 REFEREMCE MANUAL C23~E515-4) PAMPOE 42
c pPaANPNE o3
€ AUTHORS < AeDsPIERCE ANC JoPOSEY, MeleTep, JULY,1968 PANPOE 44
e PANPQZ 45
¢ enweCALLING SEQUENCEewee . PAMOOE 46
) c PAMPDE N ]
€ SEE THE MAIN PROGRAM PANPOE 48
c OIFENSION CICL00),¥YI(230) VYT (L1000 44IL100) PANPOE %9
¢ DINTHSION K3TCL) o KFINCL) OMMOICL),VPH0ILL) 4 ANOCE) . PAMPOE 50
C THE FROGRAM USES VARIARLE CIMZNSIONING FOR QUANTITIES IN ITS PAPIDE 51
€ ARGUMENT LIST. : PAMPOE 52
5 ¢ COKMON IMAX,CI,VXL,VYILHT THZIST MUST 3 STOFEH IN COMMCN) PAMPOE 53
g ¢ CALL CAMPOZ(ZSCREEsZONSoFOFADKSToKF 1N OMMOG VONOD 4AMD 4 ALAN, PAMOOE su
' ¢ 1 FACT,THETKoNPENT) PAMOOE 55
c ... - . PAMPDE 56
¢ *s=eEXTERNAL SUBROUTINES REQUIPEDw=w- PANPOE 14
c PAMPOE S8
¢ AMBNY o NAMPDE  TCTINT o MNFN AABAJUSEAS UPINT JELINT 2 2028,CAT4SAT PANMPDE 59
, c . PANPOE €0
c eweeARGUFEAT LISTeoue BANPOE 61
3 c . . - . PAMBOE 62
c TSCRCE Ry NO INP PAMPOE 63
i ] 2083 R*4 ND Ine PAMPNE 64
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g MOFNO 16 NO INP

KST I%% VAR INP -
4 - KFIN I%4 VAR INP

oMMQO R® VAR INP - - .
j ¥PNQO R®4 VAR INS

Anp R*% VAR  ouT - - i
R . ALAM R*4 NO cur .

FACT R*4 NO ouTr - . .
ﬁ THETK R%4 NO ne

e NPRNT I% NO INP

COMMON STYORAGE USED .
COMMON IFPAX¢CIoVXIoVYIlHI ,

TiAX %% . ND INP

i ct R*4 100 P . .
1294 R% 166 M0
wI R%4 160 IN® .
- WX R 100 INP
ccacINPYTSemas
ZSCRCE FHEIGHT IN XM OF BUIST AJOVE GROUND
i 218s SHEIGHT IA KF OF OGSSRVIR ABOVE GROUND
MOFNOD INUPEER OF GUIDED MCCES FOUNC
KSTC(N) 2INDEX OF F1SST TARULATEQ POINT IN N-TH MGOE
KFINCNY *INDEX OF LAST TABULATED POINT IN N~TH NODE. IN
. - GENERALs KFIN{N)IKST(N+L) =1,
OMMOD (N) TARNKAY STORING £NGULAR FRENUENCY OPDINATE (RA0/SEC) O
—_ POINTS ON CISSERSICA CURVES, THS NMOOCE MOOE IS STOR
FOP N BETREZN XKST(AMODI) AND KFINC(NMOIS), INCLUSIVE.
YPNOD(N) TARFAY STORING PHASZ VILICITY OROINATE (K4/SECY OF
. POINTS ON CISPFRSICN CUOVES. THZ NMOOZ MOOE IS STOR
—-— . FOF M BETHEEN KSTINMODI) AND KFIN(NMOODE) .
THETK xQIRECTION IN CACIANS TO OBSERVER FROM SOURCE, RECXON
COUNTER CLCCKWISZ FROM X AXIS.
NPRNT ZPRINT OPTICN INDICATOR (SEZ NAKL IN MAIN PROGRAM),
IMAX =NUNBER OF LAYEPS OF FINITE THICKMESS.
cIt 2SOIIND SFEEQ IK KM/SEC IN I=TH LATER
123438 24 COMPONEANT OF WINC VILOCITY IM I-TH LAYER (KM/SEC)
VY 2Y COMPONENT OF WINC VELOCITY IN I=TH LAYZR (K4/SEC)
HItI) ZTHICKNESS IN KM OF 1«TH LAYER OF FINITE THICKNZISS
eewsQUTPYTSevee . .t
ANP L) SAFFLITUCE FACTCR FOR GUICID MAVE EXCIYED SY FOIAT

* ENERGY SOQURCE. UNITS ARE XM¥®(=1), THE J=TH ZLEMEN
COFIESPONLS TO ANGULAR FRINUINCY CHM03(J) AND PHASE
VELOCITY VFP0Q(JY. THE AMOLITUCS FACTOR IS B°PRFQoRI
TO THE KMCCE~-TH MOCE IF J «GEe KST(ANMODE) AMD J oLE.
KFINCHMOOZ) . THZ AFP(J) IS THE SAMI AS AMFLTO COMPU
8Y SUBROUTINZ HEMPDE,
ALAR 22 SCALING FACTOR CEFENNEMT ON HEIGHT OF "URST, EAUAL
. TO CUBE RCCT CF (EREISSUZ AT GPOUND) /(PRESSUPE AT
BURST HEIGHT) TIMES (SOUND SPEZD AT GROUNDDI/(SOUND
SFEZD AT EURST HIIGHT),
FACT sA GENERAL AMPLITUOZ FACTOR GEPENCENT CN BURST HEIGHT
AND OBSERVER HEIGHT., A PRECISE OEFINITION IS GIVEN
IMN THE ABSTRACT.

ee=ePROGRAKR FCLLONS BELOW===e

LGN L L D R X R N N X M X N N N X R N N N e L e L L e L L L e L N L L 0 )

OIMEASION AND COMMCN STATEPFENTS
OIMENSION CI(LCC)oVXI(L10G)VYI(10C)HIC100)

'
A .

.‘- - T AR S e e

ol BTN N W a3 S s o g F e

PANPOE
PAMPOE
PAMPOE
PANPDE
PANDOE
PANPOE
PANPOE
PAMPIOE
PANPDE
PANPOE
PANPDE
PANPOE

*PAMPOE

PANPOE
PANPOE
PANPOE
PANPOE
PANEOE
PANPOE
PANPCE
PANPOE
PAVPOE
PANPOE
PANPOE
PANPOE
PAMRDE
PANBOE
PAMBDE
PANODE
PANOQE
saArenE
PANINE
OANSCE
pArFOOL
PAMPOE
PAMPOE
PANFOE
PAMPOE
PANMOOE
PAMODE
PANOOE
PAPADE
PAMODE
PAMPOE
PANPOE
PLMPOE
PANPDE
PAMFOE
PANBOE
PAMAOE
PANEOE
PANENE
PAMBQE
PANMODE
PANIOE
PAMI0E
PANPOE
PAMBOE
PAMPOE
PANAOE
PAFRDE
PAMPOE
PANINE
PANPOE
PANPOE

65
66

67’

68
69
70
7
72
73
T4
75
76
7
78
79
ae
81
a2
83
8h
s
86
.14
88
A9
90
91
92
a3
9%
95
96
97
98
99
100
104
102
103
104
108
106
1c7
108
109
110
111
112
113
116
115
11%
117
118
119
120
124
122
123
124
125
126
127

128-

129
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oxNENSION'KSYCIU"KFiﬂ(lnioOHHOO(lnﬂo’vVPHOﬂ(iﬂﬂE)olﬂP(iUﬂﬂ)
BIMENSION AKIt1GEY)
COMMON IMAX<CI VXIVYI(HI

o v amne w - et

¢
MOFND 3 MOFNO )
IFf (NORNT.LT.0) GO TO 20 .
€ PRINT HEADING FOR PH1L ANDO FHIZ2 PRCFILE DATA TO 85 PSINTED 6Y NAMPOE
WRITE (6419)
19 FOIMAT (1ML LLXs256HFHIL AND PHI2 PROFILE DATA ///763HOTAPLNX = NO.

40F LAYER FOR WHICH ABS(PRI1(IAFLIMPX)) IS A MAXIMUM/ZEIH IAP2MX = NO

2 OF LAYER FOR WHICH ABS({PHI2(IAR2MX)}) IS A MAXIMUM/U2H R =P
ITL(TAPLIMX) 7 ASSIPHIZ2(LIAF2MX)) /42H R2 = OHI2(IAP2MX) 7/ ABS(P
LIZUIAPZMX)IY /3ITH R3 = PH12(1) /7 ABS(PHI2(IAPZ2MX)) /ZLOH NZCL

3% KO. CF TIMES FHIL CHANGZS SIGN 740M NZC2 = NOe. OF TIMES FMI2
6HANGES SIGN)
20 CONTINUE
€ 0O LCOP TO CCMPUTE 2rPLJ) -~
00 25 JIISL MCANC . .
IF {NPRNT.LT.0) GO TO 23 Do e
WRITE (6422) II ’
22 FORMAT (LH /77777 1H +51XeSHMONS 4I2 777 1H 7XoSHOMEGA 47X ¢ SHVPHS
LobXoOHIAPLINX 010X y24RI ¢ IXN s HNZCLOEX s GHIAP2MX s 10X 9 2HIZ ¢ 8X o LHNZC2,410
. 2e2HRI ) .
23 JL3KSTID .
J2sKFINC 1) e
00 25 J3J1,42
K=y . . e e e i e e oot s
OMEGA = OMMOD(X)
VPHSE = VPMOO(K) Cemer e ae =
AKITR = AKI(X)
X = AMP(X)
CALL NAMPDS(ZSCRCE2Z0BSoOMEGA o VPHSE +AKITRITHETX ¢ X o NPRNT)
ANP(K) = X I RE S S 3
2% CONTINUE :
WRITE (642510 PO SR SO SN
251 FORMATILV /7777 16H AMEAT IS CALLED).
€ENO OF DO tocP .. e

o060

COMPUTATION OF AMIIENT PPESSURES . e o e
CALL AMINT(ZSCRCE,PSCRCE »ISCR)
CALL AMBNT(Z085,°03S,1C0S)
WRITZ 64252} C©SCRCE.ISCR,PONS;ICBS
252 FORMAT (21H 4EL1£€450110921€450110)

COMPUTATION CF SQRT(CENSITY RATIO) .
UED 3 (CI(ISCRIZCICICES)) ¥ SAAT(POBS/PSCRCE)
COMPUTATION OF ALAM ANO FACY
ALAM2(L,EG/PSCPCI)»*(C,32333T)*(CI(L)/7CI(ISCRY),
NOTE THAT CI(1) IS SOUHD SFEZO AT THE GOOUND .
CONST = L 0/SORT(2.0%,141593)
FACY 3 CONST®(CI(L)®UED®(PSCACE/LEH)**(9.333233))
HRITZ (64253) Facr . s mes en
253 FOQMAT (1N (SHFACT=,E1E,5)
IF(NFRNT oNZ¢ 1) PETURM
WRITE (3,431) 2SCRCE,LZ0BSFAGT,ALAM
34 FORMAT(1%1, 2GXs 35MTAIULATION OF SOURCE FREE AMPLITUDES,
4 23H FROM SUBROUTINE FAMFOZ //21Xe L3FHATIGHT OF BURST 3,
1 F8.3s 3H KM /7 21Xs L19HHFEIGHT CF OPSIPVERS, F3.3, IH KM/
1 23X LHFACT, 10Xy 1HZ, F8,3, 7H KHM/SEC/ 21Xo4HALAM414X, 1HZ,
34 F8,3) . - e e
00 S0 II =14.MOFNG
Lo WRITE (6441) II
&l FORNMAT( LH /// 1H 4 SHRCCE + I3/ 1H o+ 20X.SHOMEGA,
1 15Xy SHVPHSE,1%5Xs 3HAKI, 17X, 3IHAHP)

S 0N oo

"t o bAoA i 2

PAMODZ"

PAPPOE
PANPOE
PANPOE
PARPOE
PANPOE
PAMPOE
PANOOE
PAMEQE
PAFOOE
PAMADE
oANPOE
PAMPROE
PANOOE
PANROE
PANFDE
PANPDE
PAMADE
PANPOE
PANEGE
PAMFDE
PAMENE
PAMPOE
PANPOE
PAMBCE
PANBDE

. PANPOE

PANSOE
PANPOE
PAMOOE
PAMPOE
PAMSQE
PANPOE
PAMPOE
PAMPODE
PANPOE
PANPOE
SAHPDE
PAVPOE
PANSDE
PANMBOS
PANPOE
PANPOE
PARPOE
PAMADE
PANPOE
PAMPOE
PANFOE
PANPOE
PANPOE
PANSOE
PAMPOE
PANPOE
PANPOE
PANMONE
PAMPNE
PANPOE
PAMANE
PAMPNE
PARFOE
PANPOE
SAMPOE
PAMPOE
PAMPCE
PANODE

130
13t
132
133
136
138
136
137
133
139
1.0
1461
142
163
166
145
146
147
148
149
150
154
152
153
154
155
156
157
158
159
160

161

162
163
.64
165
166
167
168
169
170
i
172
173
174
175
176
177
178
179
180
181
182
183
184
185
185
187
188
189
190
19

192.

193
194

T e ey
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Ki=KSTL{II)

K2=KFIN(ID) |

00 56 J=zKi,K2
$3 WRITE (6451) OMMDO(J) JVAMOCIJ) (AT (I JAMPCY) °
51 FORMAT(LM o4XeF2Ge5¢F20459F20.94F20.9%)

RETURN ... ...

ENC

L L Srmrme -

N

PANPDE
PAMPOE
PANBOE
BAMPOE .
PAMPOE
PAPPOE
PAMPDE

195,
196
i97
198
199
200
202




s

o o o e A
R

SURROUTINE PHASE (RR4RI R,PHI)

g PHASE (SUBROUTINE) 8715768 LAST CARD IN OSCKX IS
C
[ eeccfABSTRALT vone
¢
€ TITLE - PHASE
¢ CONVERSION OF A COMPLEX- NUMBER FROM RZICTANGULAR FORM TQ PCLAR
¢ FORM
¢
¢ GIVEN THO REAL NUMRERS RR AND RI, A MAGNITUBE R AND AN
¢ ANGLE FHI ARE COMFUTSD SUCH THAT
¢ .
¢ RR ¢ I®RI = R * EXP{ I¥PHI )
.
¢ WHERE I = (=1)%%0.5 .~
¢
€ LANGUAGE - FORTRAN IV (3€0, REFERENCE MANUAL C28=6515-4)
e
g AUTHORS = AsD.PIERCE ANG J.POSEY, MeIoToy AUGUST.1363
c ' T
(] eccalJSAGEwenw . .. .
c .
c NO SUSROUTINES ARE CALLEC e e
]
C FORTRAN USAGE
¢
¢ CALL PHASE(RRyRI4RyPHI) .
¢
¢ INPUTS e e e e e ——-
X . .
¢ /R REAL PART OF THE COMPLEX NUMBZR BEING CONVERTED
¢ R%4 ]
¢
g sxg‘~ IMAGINAQY PART OF COMPLEX NUMBER BEING CONVERTED
¢ ) s - .
g oUTPUTS .. ——e s —
¢ R MAGNITUDE OF THE COMPLEX NUNBER o
c R*% -
¢
¢ (T PHASE OF THE COFPLEX NUFMBZR (RACIANS) (=PI.LT.PHI.LE.PI)
¢ R — e e -
¢
¢ o . B
c ceccEXANELES e=o=
c e et + e tte e ——
¢ CALL PHASE(O.0,1400ReFHT)
¢ ; ..
c R = 1,0 AND FHI = 1,570796 ARE RETURNED
¢ : ) . et e e mam et oo vt = tommns e
¢ CALL PHASE(1.0y=1.0,ReFHI)
¢
¢ R = 1.414214 AND PHI = -0.7853982 ARE RETURNEC
c . . e e e -
¢
¢ . _.. ==e=PROGRAM FOLLOWS BELOWe===_
¢
¢ .. . Ce .
¢
Q=ABS{RR)*ABS(RI) — -
IF(Q=1,E~25) 1,1,30 . \ 3
e T

PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASI
PHASIE
PHASE
PHASE
PHASE
PHASE
PHASS
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE

PHASE
PHASE
PHASE

_ PHASE

PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
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1 R=20,.0
PHI=0,0
RETURN

38 AR3RR/0

AI2R1/9

AZSOART (AR**2441252)
REQ%A
PHI=ASIN(ABS(AT)/A)
IFCRR) 50460460

S8 IF(RI) 360.390,200

60 IF(RI) 400,400,120
100 PHI=PH]

RETUIN

200 PHI=3.1415927-pH]

RETURN

308 PHIXPHI-T,4415927

RETURN -

400 PHIz-4g

RE TURN
. ENO

PHASE
PHASE
PHARSE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE

65

67
68

70
n

73
The
75

78

80
8L
a2
a3
L1
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SUAROUTINE PPAMPIYIELC+MCFADIKSToKF INy OMMOO, VFHOD
LAMPJALAN JFACT o AMCLTDPHASQ)

FRTE ey

PPANP (SUBROUTINC) 7730768 LAST CARO IN DECK IS

weespABSTRACTrome

TITLE = PFANP

PROGRAM TO COMPUTE ANC STOPE AMPLITUDE ARRAY AMFLTO ANC PHASE
ARRAY FHASQ FCR GUICIL WAVIS EXCITED 3Y A FOINT ENERGY SOURCE
MITY4 TIME OEPENDCTNCE CORIRZSFONOING TO A NUCLEAR EXOLOSION OF
ENERGY DENQTEC 8Y YISLO IN XT. THE VALUSS FOUND ARE TO 8E
SUBSECUZNTLY USEC 8Y TMPT ACCCROING -¥O THZ RELATICN

CPRESSURE IMN CYNES/CE**2 FOR A GIVEN MODE)*SQRT(R)
= INTEGRAL OVEFR CKEGA OF AMPLTO®COS(OMZIGA® (T-R/VO) +PHASQ)

THE GQUANTITIES AMFLIC ANG FHASQ ARE BOTH CSPENQENT ON ANGULAR
FREQUENCY AND ARE DIFFSRENT FQR OIFFERENT MUOZS.

- - B -

PROGQAN NO?ES

IN THE FORNULATION FOR A OOINT ENERGY SOURCE, THE ENERGY
EQUATION IS WRITTEN - . ¢ m——

OP/0T ~(C*%250(RHO) /0T = LOPISCH*929F(TI®IOELTA FNCIN )
"AN EXPRESSIOM FOR F(T) IS

FLT) =({L*%2)/CS)*POSH*(INTZGRAL OVER X FROM 8 TO CS*T/L
OF UNIVERSAL FUNCYIQN FUNIVIXSY

HITH LE{ENEPGY/C05)%*(1/3) AND ROS,CS REPRESENTING FRESS
AND SQUND SFZZD AT THE SUURCEI. IF FIKTIT) IS THE °RSSSU
AT A DISTANCE CF §1 XM FS0% A L KT EXPLOSION AT SEA LEVEL
ANO WITH TIME CRIGIN COQRESQONDKNG TQ BLAST WAVE ONSET,
THEN . . -

FUNIVIX)2((L12P01) 2 (=21 ) *FIXT(LL"X/T2)
THE FCUSIER TRANSFORM CE_F(T).IS ACCOROINGLY FCUND TO B2
« GCONEGA)= (1/(2‘91!)‘(Y“(3/3));(CLICS)‘(FOSIFOI"'(1IS
G (L/7(~I%0NEGA)) *FTMAG(OMERATI®EXFCI*FTOMSE (OMERAT))

WHERE ¥ IS YISLC IN KTy ISSIRT(=2)s AND OMERATTALAM®
OMEGA®Y**(1/3)., THI FUNCTIONS FTMAG AND FTFYSE ARE AS
COMBUTEC BY SUBPOUTINE SOURCE. THS QUANTIYY ALAM IS
(CL/7CS)*(PQL/F1SYI**1/2 AS COMPUTED BY SU3RAUTINE
PAMPOE.

A LENGTHY CERIVATION NOT GIVEN HERE INOICA?ES THAT

AMPLTOSIXP (=1°PHAST)

% <4*SOFT(K)*GIONEGA) *CSPUSOSSORT(24PT) *ANP

e i ... EXPC=I*PI/4) .

RHERE AFP IS THS SAMI AS THE AMPLTC COMFUTED 8Y NAMFDE A
WHERE UED IS THE OENSITY FACTOR (CS/COBS)*SO2T({PSCICE/PO
COMPUTEC IN SUBROUTINS FAMPOE. INSERTING G(OMEGA) INTQ
THE AEOVE. WE LCENTIFY

PHASQ 2(3/L)ISFL - FTFPHSE(QONZRAT)

PPAMP
PPANP
PPaMP
PPANP
PPANP
PPAMNP
PPANP
PPANG
pPAND
PPANP
POANP
-PPANP
PPANP
PPANP
PPAN®
PPANP
PPANP
PaAMP
PRANP
PRANO
PPANP
PPANP
PPLND
PPAND
PPANP
poANn
PPANP
PPane
PPANS
PPANP
PRAND
PPANP
PPAMP
PPANS
PPANP
PPAND
PPANP
PPANP
pPRANP
pPPANS
PPANP
peapo
PpArS
PPANP
pPavP
PpAND
PPAMP
poaNp
POAND
PPAN®
POANP
PPANP
PPAMO
PPANP
pPANP
PPANO
PPAME
PPAMD
PPAKD
pPAMD
PPAND
PPANO
PPAN®
PPANRP
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] SMPLTCZFACT®AMPY (Y®* (2/3)) *FTMAG (OMERAT) #SART (K) /OMEGA PPAN®

. ¢ PPAND

¢ WHERE FACT 1S 4/SONT(2%2])*CL*UZD*(PS/PL)#%(1/3) ANC IS POANP

(] COMPUTED BY SUSROUTINE FAMPDE, AL LU

¢ PPAND

¢ THZ QUANTITIES FACT, ALAM, AND AM® ARE IN THME INPUV LIST PPAND

. c OF YHE SUBRCUTINE. NOTE THAT THESS ARE YIELD INDSPENDEN PPaNo

c . PRAKS

c THE STHEME OF STORAGE FCR AMPLTO(S) AND SHASA(JS IS THE PPANMP

¢ SAME AS "OR ORMOD(J) ANO VPMDI(J), SEE SUBROUTINZ ALLMO PPAMP

¢ pPRANP

C. LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C29-6515-4) PRAND

c - PPANO

€ AUTHORS « AOJPIERCE ANC JePOSSYy MeloTes JULY1968 _ _ _ . poANP

c PPANP

c eeeeCALLING SSQUENGE==e= _ . PPANP

c PPANP

C SEE THE MAIN PROGRSM PPANP

¢ CIMSHSION KST(1)4KFINI1)4OMMAN(L)4VONODILYAH0L1) PPARP

¢ CIMENSION AMPLTOC(L) ,FHASA(L) poAMNP

C THESE QUANTITISS MUST AL CIMENSIONZD. THE PROGPAM USES VARIABLE PPANP

€ OIMEASIONING. FOR ACTUAL CIMENSIONS ASSIGNZD, SEE THE MAIN PROGRAM, PPAMD

c CALL PPAPP(YIELOWMCFAC 1KST4KFINyCMHODVPH0D AMP4ALAK,FACT, PPANP

c 1 ANPLTO,FHASQ) e e e pPPAND

¢ PPAMP

- cew=EXTERNAL SUBROUTINES REQUIREQ==ws= PPANR

¢ - sPANP

c SOURCE,- FHASE (PHASE IS CALLEDC BY SOURCEZ) . . _._._.. ppaNP

c PPANP

c «*«sARGUMENT LISTemen - PPAMD

c PPANP

c YIELD R*y  NO INP PPANP

c HOFND Iy ND IN® : . PPANP

c (331 LN VAR  IN® e tmeeten e PPANP

¢ XFIN 14y VAR  INF ) spAMP

c OHMOO Rey VAR INo pPPANP

¢ VPHOO Re4 VAR  IN® pPPARP

e AMP Ry VAF  IND . .. PRANP

¢ ALAM RSy [} INP poAMP

¢ FACT R*Y ND s . . . ) PPANS

c AMPLYD ReY VAR  oUT PBAND

> PHASQ R*Y VAR  our PPANP

c N PPANP

C MO CCMMON STORAGE %5 USED s . pPPANS

; ¢ : . > PPARP
c ~=esINPUTSooen poanc

c PPAMP

c YIELD 2ENERGY RELEASE OF ZXPLOSION IM ENUIVALENT XKILOTONS O PPAMP

] c PNT, L XT = 64,2319 E£0GS. pPAND
i ¢ MOFND =NUMEEYR OF MODES FOUND IN PREVIQUS TABULATICN OF pPPANS
: ¢ OZSEERSICA CYPVES, pPaND
| ¢ KST(N) 2INOSX OF FIRST TAGULATESD POILNT IN N=-TH MODE. PPAND
‘| c KFINCN) 2INAIX OF LAST TABULATZO POINT IN N-TH MODE. IN PPANP
! c GINERAL, KFIH{M)=KSTIN#I)=L, peano
‘ ¢ OMMOO(N) =APO8Y STCRING ANGULAR FRZIMUINCY OWWINATE OF POINTS  PPAMP
c ON CISPERSION CURYES. THI NMOOE MOOZ IS STORZ0 FOR PPANM®

c N BETHEEN XST(NMOQOS) ANO XKFIN(NMODE), PPANP

c VPHOO(N) TARRAY STCAING PHASE VILOCITY ORCINATE OF POINTS ON  PPAMP

c OISPZRSION CHPVES, THZ NMOQE FOJZ IS STOREO FOR PPAMP

¢ N BETHEEN KST(NMODE} AND <FILH{NMODE), PPAMP

] AMP(N) SAFOLLITUDS FACTOR INCEQSNOCNT OF YIELD COMPUTED EY PPANP

¢ SUBROUTIAZ PAYOOE CCOREIPINDING TO ANGULAR FREAUSNCY PPAMO

¢ OFMOD(N) BAC FHASE VELOGCITY VFMOO(N), PPAMP

-] ALAM 34 SCALING FACTOR CESFENDENT ON HEIGHT QF BURST, ENUAL P2ANP

q"'g ‘-v\.. s ' - N RO g

L
(-1
66
87
68

70
7

73
74
75
76
m”
78
79
80
81
82
83
84
85
86
L1
L]
89
90
91
92
93
9t
95
96
7
48
919
100
101
102
113
104
106
i16
107
108
109
110
111
112
113
114
115
116
117
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122
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Y0 CUBE RCOY OF (PRIESSURE AT GROUND) /(PRZSSURE AT PPANP 129

c
c BURST HEIGHTY TIMES (SOUND SPEED AT GROUND)/SOUND ppare 130
c SOEFD AT 3UFST HIIGHT). PPANP 131
[ FACT A GENZRAL AMPLITUCE FACTOR DSFENOSNHT ON BURST MEIGHT PPAMP 132
] AND OBSERVEP BZIGHMT, A PRECIST DEFINITION IS GIVEN PpAnP 133
(] IN THE LISTING OF SUBROUTINE PAMPOE, PPANO 136
c PPANP 135
c eceaQUTFUTS em=e PPANP 136
c PPANP 127
c AMPLTOCN)  =AMPLITUGE FACTOR RZFRESENTING TOTAL MAGNITUOE OF PPANP 128
¢ FOUSIER TRANSFORM OF THE COMRIBUTION TO THE WAVEFOR PPANO 139
¢ ) OF A SINGLZ GYIONSO MODE AT FRENUENCY OMMOO(N}e IT  PPANP 140
] REPOZSENTS THE AMFLITUOZ OF THE NMOCE-TH MOOE IF N I PPANP 141
c BETHSEN KST(NMCOT) AND KFIN(NHODE), INCLUSIVE. THE PPANP 142
c PPECISE CEFINITICN 1S GIVEN IN THE ABSTRACT. PRANS 163
c PHASQINY SPHASE LAG AT FREAUEACY OMMOO(N) FOR NKMOCE=YTH MODE WH PoAMP 1464
c N IS SETHSEN KST(AMCOS) AND KFINCUMCOS), INCLUSIVE, PPANO 145
c _ THE INTEGIAND IS UNCERSTOOD TO HAVE THE FORM PPANMP 1466
c APPLTG*CCS (OMMON® (TINE=DISTANCE/VPHGO) 4PHASO) o PPANP 167
(] : . PPANP 168
c «c«=PROGRAM FOLLOKS BELOW===- PPANO 149
¢ - .. PPAN® 150
c L PPAND 154
C DIMENSION STATCMENTS USING VARIABLE CIMENSIONING R PPAND 152
OIMENSION KSTC1)oKFINC1)4OMMOD (1) VPMOD(L) yANP(L) ’ PPiLNO 153
. DIMENSION AMPLTO(1) +PHASOLL) e e . PPANP 154
(- PPANC 155
0= (YISLOI**((,222333) e e e e e PPANS 156
ALAMP3IN® ALANM ) - .. PPAND 157
¢ . e et pPane 158
€ STARY OF 00 LOOP, II IS MCOZ NUNBER ’ PPANP 159
00 20 1I1=1,MOFNT : ' oL, y PPANP 160
KL3KSTIII) - sPANO 161
K2=KFINCII) | e e e e e e e e ——————— : PPANS 162
c . . ) " PPARP 163
00 2¢ J=K1,K2 - S S PPANP 164
C COMPUTATION CF SCALZC FREGUENCY OMERAT . PPANP 165
OMERATSOMMOD ( J) YALAMP e e e e e PPAND 166
C COMPUTATION CF SNRT(X) N : pPaN®D 167
r— AKAYSQ = A3SCOMFCOCGJIZYRMODIIDY o s e smre som oo PPAND 168
AKAY = SORT(AXAYSO) PPANP 169
c © peaNe 170
CALL SOURCS(OMERAT,FTMAG «FTPHST 4[44G, DPHSE) : PPAMP 7
AMELTD(JI)I=(N*%2)SFACT*FTPAGSAMF (J)*AKAY /0HNGO(J) .. PPANP 172
20 PHASN(JI=,75%3.14159=-FTPHSE PPAMP 173
C £NOD OF 00 LOOP . pPAND 174
c . PPANP 175
RETURN PPANP 176

END PPANP 1844
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11
Lo SUBROVUTINE PRATMO PRATHO 1
o sl A c PRATMO (SUSROUTINE) 871768 LAST CARO IN O0SCK IS PRATMO 2
2 [ . e - PRATMO 3
o . c @easABSTRACT~e=" N PRATNO 4 .
c . .. - . PRATMO S
I C TITLE = PRATMO ) PRATMO 6
2 e s c PROGRAM TO PRINT OUT FARAMITERS DZFINING THE MODEL MULTILAYER PRATMO 7
s c ATMOSPHERE, A LISTING IS PRINTED OF LAYER MUMBER, HEIGHT OF  PRATHMO s
2y . c LAYER BOTTOM, HZIGHT OF LAYER T09, LAYSIR THICKNSSS, SOUND SPEE PRATMO 9
X 5~ . c AND OF X AND Y COMPONENTS OF WIND VELOCITY. PRATMO 10
- (4 PRATMO 11
3 C LANGUAGE = FORTRAN IV (350+ REFSRENCE MANUAL C28-6515-4) PRATMO 12
. R c . . . PRATMO 13
" € AUTHORS = AcOJPIERCE AND JoFOSEYy MeloTes AUGUST,1968 PRATMO 14
c . . ) . ) . e PRATMO 15
- c ee=eCALLING SEQUENCE===e PRATMO 16
% - c .. . ce— e PRATHO 17 ,
: € SEE THE MAIN PROGRAM . PRATMO 18
L c ODIMINSION CI(100)4VXI(100),vYI(100),47¢100) i PRATHO 19
o ¢ COMMON IMAXJCLoVXIsVYIJHI (THESZ MUST BE IN COMMON) PRATNO 20
[ CALL PRATMO . - - . PRATMO 21
3 ¢ PRATHO 22
- c ~ee<EXTERNAL SUBRCUTINES REQUIRED~=== PRATHO 23
: e . . PRATMO 24
A C NO EXTERNAL SUSROUTIMNES ARE RENUIRED. : ORATMO 25
- c . . et QA THO 26
‘ c M)  ®==<ARGUMENT LISTewe= SRATHO 27
, c . . . : PRATMO 24
3 C COMMON STO®PAGE USEQ PRATNMO 29
. ¢ COMMON IPAXeCIoVXILVYILHI PRATMO 30
c .. . . PRATNO 3t
¢ IHAX 1% NO INO . PRATHO 32
¢ (3 4 Rey 100 1IN : PRATNO 33
c . VxI R%4 16C  INe - PRATHO 2
y c 122 4 R*Y 100 INP i . . PRATNO 35
3 c HI R*Yy 100 INP . . PRATMO 36
c . . o PRATHG 37
c weeeINPYTSeoan - PRATMO 3a
. c . PRATHO 39
: [ IMex INUMEER OF LAYERS OF FINITS THICKNESS PRATHO 40
: ¢ cItI =SOUND SFEIC IN KM/SSC IN I-TH LAYER PRATHO X1
[ VXI(D) =X CCMPOAENT OF WINC VFLCCLTY IM I-TH LAYER (KM/SSC) POATMO 42
¢ I . Y CCHPONEAT OF WING VELOCITY IN [-TH LAYSR (KM/SEC) PRATMO 42
“ c HICD STHICKMESS IM KM OF I-TH LAYER OF FINITE THICKNESS PRATHO (YN
‘ X c T S PRATHO 45
: ¢ eeesQUTEYUTSamm-e PPATNO 46
‘ c e e . . PRATHO ur
. € THE ONLY OUTFUT IS A PRINTCUT PRATMO L8
3 c .. . PRATHO 49
/ c anacEXAMPLE wmn= . . PRATHO 50
C. . PPATMO -3
c MODEL ATMOSPHERE OF 30 LAYERS (T0® OF NEW OAGE} PRATHO 52
2 c e i e e . - (INAX = 9) PRATHO 53
¢ PRATMO * sS4
1 ; € LAYER 29 21 H c ¥x SRATHO 55
9 . ¢ 10 22.50 INFINITE INFINITE 0.2972 0.0082 PRATHMO 56
~ ¢ 9 20.00 22.50 . 2.5¢C 0.2958 0.0092 004140 57
3 . ¢ 8 17.50 23.00 2450 C.2938 G.0118 PRATHO 58
- ¢ 7T ... 15.02 17.50 2.50 _ 0.2931 0.01u4 PRATMO 59
1 ¢ 6 12.50 15.00 2.50 0.2971 0.016% PRATHO 60
i (4 5 10,00 12,50 2.50 G.2951 0.6166 oQATHO 61
4 ¢ 4 7450 10.00 2450 0.3012 G.0149 PRATMO 62
c .3 . $.00 7.50 .. 2.50 63117 0.0118 PoATMO 63
¢ 2 2450 5.00 2.50 0.32¢8 e.0098 PRATMO 6l
F A
¥
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¢ LA L 0 . L. 2.50 250  0.339% 0.0057 PRATMO 65
c PRATNG 66
(] 282HEIGHT OF LAYEF SOTTOM IN KN PATMO 67
c ZTEHEIGHT OF LAYER TO® IN KM (THE VY COLUMN IS PRATMO 68
c . . .. H =WIDTH OF LAYSR IN KM . NOY SHOWN SZCAUS PRATMO 69
¢ C 3SOUND SFESD IN KM/SFC OF LACK OF SPACE PPATMO 70
3 VX=X CCMP. OF WIND VEL. IN KM/SEC IT DOES APSSAR O PRATMO 71
¢ VYSY COMP., OF WIND VEL. IN KM/SEC PRINTOUT .Y oRATNO 72
¢ : . . PRATNO 73
c «eo=ePROGPAM FOLLOWS BELONww=e PRATNO 76
c — .o ) . PRATMO 75
c PRATMO 76
C OIMZASION AND COMMCN STATEMENTS LOCATING INPUT ORATHO 77
OIMENSTION CI(100),VXI(L00V,VYI(L100),HICL002,22¢200) ORATMO 78
COMMON IMAXeCIsVXIoVYIHI — PRATHO 79
c PRATMO 8¢
C LET JET DENOTE THE INDEX OF THE UPFER HALFSPACE . . PRATNO st
JETZIMAX+L PRATNG 82
] .. e e e e e e— e . PRATHO a3
€ PRINTING OF HEADING PRATHO ny
WRITE (6411) JET PRATNO as
11 FORMAT(1H1,14Xe1SHMODEL ATMOSPHERE oroxh.rn LAYERS//) PRATHO 86
HRITE (6421) PRATMO ar
21 FORMATIIH 92X eSHLAYER s 7X¢e2HZB 10X e2HZT o 21X 1HH s 11X 41HCy 11X 02HVX, ORATMO 88
. 110X, 2HVY) ) PRATHO 89
¢ * PRATHO 90
IFCINAX LEN, 0) RO TO 33 . . PRATHO" 9
c . PRATMO 92
C ZI(I) OENOTES THE MFIGHT OF TOP OF I-TH LAYER OF FINITE THIGKNESS POATHO 93
ZICL)=HI(L) . PRATMO 94
IFCIMAX (EQs 1) GO TO L m e e - PRATMO 95
00 30 I=2,IMAX . PRATMO 9%
30 ZI(I1=ZI(I-1)+HICD) ) e PRATMO 97
31 CONTINUE PRATMO a3
c e e aee e v - aan PRATHO 99
€ SRINTOUT FOR UPPER HALFSPACE . : PRATNMO 100
XUV2ZI(IMAX) ) . R PRATHO 101
33 IFCIMAX .EN. 0) XUV=0,.0 . PPATNO 102
T CaCItJET) e e e PRATMO 103
S VX3IVYXI(JET) - PRATNO 104
. . VYSVYI(JET) . . L . PRATHO 105
A ' WRITE (Hebl) JUZTeXUVeCoVXeVY PRATNMO 106
o 61 FORMATILH 2 I74FLZe2y4Xy ahrNFINIrE.Ax.aHINFrnxre. FL2.4) : PRATHMO 107
c PRATNO 108
S TFCIMAX JEN. 0) GO TO 69 .. . ORATHO 149
* . IFCIMAX ENe 1) GO TO 52 : PRATHO 110
4 ¢ L. .. PRATHO 111
C TAQULATION FOR LAYERS 2 THROUGH IMAX PRATHO 112
; ) 00 50 J=2,ImMax . TR PRATHO 113
IS INAX 2=y ) PRATNO 114
| Lar-1 . PRATMO 115
1 S0 WRITE (64510 ToZTLIL)oZICIN HICI)GCIII) oVXILLIoVYTLIY . PRATNO 116
- S1 FORMAT(LH +I7,3F124243F12.4) .. . - PRATMO 117
c PRATMO 118
3 ' C TASULATION FOR LAYEP L . e s oo onee hn PRATHO 119
] ’ $2 121 .- PRATMO 120
oy USTED=0,0 PRATHO 121
) . HRITE (6451) I USTEOSZICI) +HI(T) 4CICII4VXILII,LVYI(I) PPATNO 122 .
{ . .C Lo PRATMO 123
2 C PRINTOUT OF EXPLANATIONS . PRATMO 126
1 60 WRITE (6.461) PRATMO 125
1 [ 61 FORMAT(LIHG,15%,31HZB=HZIGHT OF LAYSR BOTTOM IN KM/ tH ,15X,2842T= ORATMO 126
3 LEIGHT OF LAYER TCP IN KM/LH »15X,23HH =HIDTH OF LAYER IN KM/1H , PRATHO 127 ~
215X 4,2LHC =SOUND SPIED Ih KM/SIC/IH 415X,33HYX=X COrP. OF WINC VEL PPATHMO 128
3 IN KM/SEC/1H +15X,3IHVY=Y COMP, OF WINO VEL. IN KM/SEC) PRATHO 129
3 1 c PRATHO 130
o : RETURN PRATMO 131
S, END PRATMO 132
4 9
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SUSROUTINE RRRR(OMEGA AKXy AKY sRPFK)
RRIR (SUBROUTIME) 871768 LAST CARD IN D2CX IS
s ceechABSTRACT=w== o
TITLE « RRPR

THIS SUBROUTINE COMFUTES A 2-8Y<2 TRANSFER MATRIX WHICH CONNEC

SOLUTIONS OF THZ KRESICUAL ZNUATIONS AT THS BOTYTCM OF THE UPPER

HALFSFACE TO SOLUTICAS AT THE GROUND BY THE RELATIONS
PHIL(GROUND)= RPF(1,1)°PHIL(ZT(INAXII+RPF(1,2)*FHI2(ZT(IN
PHI2(GROUND)I= RFP(Z2+1)*FUIL(ZTIIMAX)IIRPP(2,2)%PHIZ2(2T(IN

WHERE ZT(IMS%Y IS THE HEIGHT OF THE TOP OF THE INMAX LAYSR aANO
" CONSEQUENTLY THE +EIGHT OF THE BOTTOM OF THZ UPRER HALFSEACE.
THE FUNTIONS FHIL(Z) ANOD FHI2(Z) SATISFY THE RESIQUAL EAUATION

BIOHILI/ZCZ = A(1,13%34TIL(Z) + A(L,2)*PHIZ2(D)
OCPHI2I/CZ = AT2,1)%PHILIZY + A(2,2)%PHIZ2(2)

HWHERE THE AlI.J) ARE FUNCTICNS OF ALTITUOE BUT COASTAANT IN EAC
LAYER.

IF HE LZT EM(I) BE TME EM MATRIX (COMFUTED 8V SUBROUTIMT MRHH)
FOR THE I-TH LAYERes THEN (IN FATRIX NOTATION)

WP = EN(LISEM(2) % eaces®EM(TINRX=L ) M (T XY

THE ABOVE FCKULA IS USSD TO COMSUTE THE Reelledle

THE PAPAMETERS CEFIMNING THZ MULTILAYER ATFMOSPHERE ARE PRISUNMEOD
TO BE STOREC IN CCMMON. '

LANGUAGS = FORTRAM IV (2], SEFIRINCE PANUAL C23-6515=t)
AUTHOR = A.D.PIEFCS, FoleTes AUGUST 41908

c==CALLING SENUENCI=o=n
SES SU3ROUTINE NFUEN

CIMINSICH ZICLCC)ovXI(L1303,VYTI(L00)MI(100)
COMMON IMAXoCIaVXIWVYIHI (THISE MYST BE STORZC IN COMMON

(if)()¢1t:¢)¢2¢)t3r)f)¢!t)¢5¢1€)f)¢)¢$¢,c)t7¢5t$(5¢)f)¢$¢)¢$¢$t5q562t$l?(?c)gst)c:c)c)(jc)(:c)c)t)()f)()t)cj()()t’()f)t)()ﬂun

DIMENSIIN RPO12,2)

CALL RRAR(OMEGA AKX 9 AKY ¢RPOHKY
weealXTERNAL SU3RCUTINZS REQUIRENwwee

MMM, AAAA,CAT,SAT .
weosARGUFENT LISToeca

OMEGA Wy ND INO

AKX Q%Y ND Ine ,

AKY . R*% NO e

Rpo . R% 2~8Y=-2 OoUr

4 I*% NO QUT  (ALRAYS OUTPUT AS X=0)

COMMOM STOQLGE USEO

COMMON IMAXoCLoVXIoVYIoHI

INAX I%e NO Ine

CI ke 100 Ine

RRRR
RRRR

‘RRRR

RRRR
RRRR
RRRR
RQRR
QRRR
RR]R
RRRR
RRRR
RRRR
RRRR
RRRR
RRRR
QRRR
RRRR
RROR
RRRR
RRQR
RRRR
RRRR
RARR
RRRR
RRRR
RRRR
RRRR
RQRR
RO
]ROR
RRRR
PROR
pPPo
RROR
RRR2
RAR?
RR]R
RORQ
RPOR
ROR2
RRAR
RRPR
R9RR
Q232
RARR
RORR
RFOQ
RRRQ
RRRR
RRF
RRRA
RRRR
RRAR
RRRR
RRPQ
RRR
RRRR
QRRR
RARR
RPRR
RRR]R
RRRR
RFRR
RRRAR

BNV UN-




KR e e ,-;'r.\*wf' ‘ AR GEC AL S M- ﬂm;;j
b
[ c vxt Asy 100 IN® " RRRR 65 :
- c vrl Re4y 16¢  Ine RRRR 66
L c HI R®4 100 1Mo . ' RRRR 67
" c RPR] 68
“ c ccosINPLTSemen © BRRR 69
. ¢ RR]R 70
- c OMZGA =akGULAR FRINUIrCY IM A0/SEC RPN 7
q c Ak, SX C2MPCNENT OF HOSIZ0NTAL WAVE NYMBER VECTOF IN 1/KM ORRQ 72
‘ c AKY =Y COMPONENT OF MORIZONTAL WAVE 4485R VECTOR IN 1/KM RRRR 73
¢ IMAX INUMBER OF LAYZIPS OF FINITS THICKNESS RRRQ T4
¢ cItI) =SOUNT SFEEC IN KM/SFC IN I-TH LAYER RRRR 75
c vXII) =X CCMPONCAT OF WINC VILOCITY IN I-TH LAYZIR (K4/SEC) RRR 76
c VYD 2Y COMFONEAT OF WINC VELOCITY IN T~=TH LAYER (KM/SEC) RRRR 77
. e HICLD) STHICKNESS IN KN OF I-TH LAYER OF FINITE THICKNESS RRRARQ 78
¢ RRR] 79
c cceeQUTPUTSecw= RRRR ne
c ) RRRR At
c RPP 22+0Y»2 TRANSFIP MATGIX WMICH CONNICTS SOLUTIONS OF  RRRR 82
¢ THE RZSICUAL SOUATICNS AT THE 10TTOM OF THE UPSER RPRR a3
(o HALFSPACE TO SOLUTICHS AT THZ GOOUNO. RRR2 84
¢ K 2OUPMY PARAMETER ALWAYS 3IZTUINED AS O, RRRR 85
c ) RROR 86
c SeeaPIOGRAN FILLOWS BELOW==== RRRQ 87
¢ : RRRR a8
[ : RPRR A9 '
€ OIMENSIOM ANY COMMCN STATEFSNTS LOCATING PAQAMETERS CETINIMNG THE MODE ROR® ap
‘ C MULTILAYZR ATHISPHEAS RPRR 91
T OIMENSION CI(10034VXI(200)+VYIC(L100) HICLOOY RRRR 92
" , COMMON IMAXsCIoVXIsVYIGHI . RRRR 93
. : c . . RRPR 9%
, OIMENSION EM(2+2)¢AINT (2420 oRPP (L +2) ] RRRR 95
] K=0 . e e e RRRR 9%
: ¢ : RRRR 97
: C RPP AT TOP OF Ii!4X LAYZR IS THE IDENTITY MATRIX ° - RRRR 98
| * app(1,11=1.0 ) RPRR 99
i RP?(1,2)50.0 e .. RRRR 100
] RPP(241)=0.0 RRRR 101
f RPP(2,2)21.0 et van e o RRRR 102
! ¢ RRRR 103
! C START OF 00 LOJP RUNNING THRCUGH IMAX LAYE®S IN' OSSCENGING ORDSR RRRR 104
) i 00 102 JASAS1,IMAX RRRR 105
: TASATIMAX+1-JASA RRAR 106
‘ C IASA IS THEZ INIEX OF THE LAYZR CURREANTLY UNDER CONSICSIATION RPR2 107
c . RRR] 108
€ COMPUTATION CF EM MATRIX FCR IASA LAYER RRRR 199
C2CI(LASA) e e RRRR 110
VX2VXI(I2SA) : . RRRR] 111
VY2VYI(IASA) .. e e . RRRR 112
HEHI(TASA) : RRRR 113
| CALL MPMM{OMEGA AKX AKY 3 Co¥YXsVY gHyEN) L o RRRQ 114
) ¢ PRRR 115
! C MULTIPLICATICH OF RFP AT TGP OF IASA LAYER 3Y EN FOR IASA LAYER RRRR 116
: no 86 I=1,2 i RRRR 117
00 80 J4=1,2 RRAR 118
80 AINT(I,J)ZENII,1)%RPC(1,0) 4EHLT42)SREP (240D RRRR 119
¢ - . RRRR 120
x, € CURRENT AINT IS PPP AT BOTICK CF IASA LAYER RRRR 124
! 00 35 I=1,2 ) . . e e e RR2R 122
! DO 85 J31,2 RRRR 123
85 RPO(I,JYZAINT(I,J} ) .o . C e RF.RR 126
¢ RRRR 125
100 CONTINUE . .. e e RRRR 126
C ENO QOF OUTER 00 LOO®P . RRR]R 127
¢ . RRYR 128
1 C CURRENT RPO IS THAT AT B8OTTOM OF FIRST LAYER . RRRR ile
i RETURN . . .. RRRR 130
END RRRR 131
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SUBROUTINE RTNMI

PURCQSE

e USA

0ES

o exs oan au s wae

REM

sug

MET

(LR A XN

PRIPAR
IER=0
xLsxXLI
XR=XRI
. X3XL
JoL=x

Y0 SOLVE GENERAL AONLINEAR ENUATIONS OF THE FORM FCT(X)=0
8Y MEANS OF BUELLSER-S ITSRATION HETHOQ.

GE
CALL RTMI (X oFoFCYoXLI sXRIVEPSHIENDVICR)
PARAMETER FCT FECLIRES AN EXTERNAL STATESMENT.

CRIPTICN OF BARAMETEPS
X = RESULTAMT 2COT OF ENUATION FCT(X)=0,

F = RESULTANT FUNCTICAN VALUGE AT ROOT X,
FCT = NAME OF THE EXTERMAL FUNCTION SUBOROGRAN USED.
x: = INPUT VALUC WHICH SFZCIFISS YHE INITIAL LSFT BOUNO

OF THC ACOT X. .
XRI « INPUT VALLE WHICH S®ECIFIES THE INITIAL RIGHT SO0UN
OF THE RCCT X.
EPS =< INPUT VALUZ WHICH SPECIFIZS THE UPPER BOUND OF THE
ERPOR OF RESULT X.
IEND  ~ HAXIMUM KNUMBEFR OF ITSRATICMN STZPS SFECIFIEQ.
IER = FESULTAAT ZFROR PARAMITER COQEOD AS FOLLONWS
IER=( = NO ERQOR,
IERTL « NO CONVIRGINCE AFTER ISHO ITERATION STEPS
FOLLOWED BY IEND SUCCSSSIVE STEPS OF
@ISECTION,
JER22 =~ BASIC ASSUMFTION FCT(XLI)®FCT(XRI) LESS
. THAN OR ENUAL TO ZERG IS NQT SATISFIEN.

ARKS

THE PROCEQURE A3SUMIS THAT FUNCTION VALUES AT INLITIAL
BOUNDS XLI ANC XRI HAVE AOT THS SAMS SIGNe IF THIS BASIC
ASSUMPTIQN IS NMCY SATISFIEC 3y INAUT VALUES XLI &ND XL, TH
PROCZOURE IS QYPASSEC AMD GIVES THE ERRIR FESSAGE IER32,.

POUTINSS AND FUNCTION SURFFOGRANS RENUIICO
THE EXTZRNAL FUNCTION SURFROGRAM FCT(X) MUST BE FURNISHED
8Y TH4E USER. i

HOO :

SOLUTION OF EGQUATION FCT(X)=0 IS OJONE 8Y MEANS OF MUZLLER-S
ITERATION MITHCO OF SUCCESSIVI BISSCTIQHS AND INVEFSE
PARABOLIC INTEPFOLATINM, WHICH STARTS AT THE INITIAL EBCUNCS
XLI AND XRI. CONVEGGENCT IS JUADRATIC IF THE CERIVATIVE OF
FCT(X) AT Q0T X IS AOT ZQUAL TO 2230. ONZ ITIRATION STEP
REQUIRES TrO EVALUATICAS OF FCTUX), FOR TEST CH SATISFACTOR
ACCURACY SEZ FCRPMULAE (344) OF MATHIZMATICAL OJZSCRIFVICA.
FOR REFIRINCI, SZE Go X. KPISTIANSENe ZIRO OF ARBITPARY
FUNCTION,s €IT, VCL. I {1967), PP,205-2(6.

000800000 008060000807°000008000C00080000008000000800000000900000T0FY

.

€ ITERATION

SOOTAPE RN T TR A ARAE MRaTeesaeY A e T

RTMI
RTHI
RTMI
RTNE
RTHI
RTHI
RTMI
RTMI
RTNI
RTMI
RTMI
/RTHI
RTNMI
RTNI
RTMI
RTMI
RTNI
RTMI
RTHI
RTMI
RTMI
RTMI
RTMI
RTMI
QTMI
PTMI
RY¥MI
RTHI
RTMI
RTNI
RTMI
RYMI
RTYMI
RTMT
RTMT
RTMI
RTMI
RTMI
RTHI
PTHI
RTMI
RTNI
RTMI
RINMI
RTMI
E3 8}
2TMI
RTHI
2TML
fTMI
RTMI
RTNMI
RTNMI
RTHI
RYNI
RYMY
RTMI
QUNMI
RTMI
RTMI
RTNI
RTNI
RTNL
RTHI
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FsFCTITOL)

IF(FIf 16,1

CONTINUZ - .
CONVZA2S(F)

F=FCT(TOL)/CONY

FLEF

X=X

TOLaX

FEFCT(TOL)/CONY

IF(F12416,42

FR=F

IFCSIGNC(Les FLY #+SIGNI14oFRI) 2543425

. N LI

BASIC ASSUMPTICN FL®FR LESS THAN 0 IS SATISFIED.
GE&EQATE YOLERANCE FOR FUNCTION VALUES.
iz

TOLFSEPS*(ADS(F)¢1.00°400.0

. START ITEPATION LOOP

143

1£4

10
11
12
13

130

IxTeg

START 2ISECTION LoOP

00 13 K=1,IEND

X245% (XL+XR)

TotLsX

FEFCT(TOLI/CONY

IF(F1I541645

IFCSIGNCLeoF) ¢SIGN(LaoFRIY Te6e7

PO e L BRTT L

INTERCHMANGE XL AND XR IN ORDER-TO GEY THE SAHE SIGN IN F AND FR
ToLsXL :
XL 2XR .

XR2T0L .
ToL=2FL . - oo
FL2FR . !
FR2TOL . e e e s
TOLIF~FL .
AzFerTOL

AzA*A

IF(ABS(A)~1,0235) 71,474,130
CONTINUE

QUISTaFR*(FR=~FL)

TF (A9 CNUESTY =1.7E35) 72,472,130
CONTINUE . e e
IF(AFR® (FR=FL)12&+9+9

IFCI-ISN0ILT7417 ¢

XR=X

FR3F

YEST OM SATISFACTORY ACCURACY IN 31SSCTIGN LOOP
TOL=EDS

A=ABS (XR)
IF(A-1.011,12,10
TOL=TOL®A . .
IFLABS {XR=XL) =TOL) 12912413
IF(AS{FR=-FL)=TOLF) 1b 414413
CONTINUE

END OF BISSCTICN LOOP

- -~ ave e w

NO CONVECSGINGCE AFYER IENC ITERATION STEPS FOLLOWED BY IENO
SUCCESSIVE STEFS OF CISZCTION CR STEADILY INCREASING FUNCTION
VALUES AT RIGHT 20UNODS. TRPOR RETURN,

CONTINUE

RTNI
RTNI
RTNI
RTNI
RTHI
RTHI
RTNI
RTHI
RTNI
RTMI
RTHI
RYMI
RTHMI
RTHI
/YHL
RTHI
RTHI

RINL.

RINMI
. RTML
RYHI
RTNI
RTHI
1.34.3¢
|TML
RTMI
RINMI
RINUI
RTMI
RIMI
RTHI
RTNI
RTHI
R7MI
RTMI
RTMI
RTNI
RTMI
TMI
RTMI
RTHI
RTMI
RYMI
RYNMI
RYMI
TMI
RYMI
PTMHI
RTNI
RTHI
RTMI
RTHI
RTHI
RTHI
RTHI
RTNL
TN
RTNI
RTHI
RTNI
QTMI
QTML
RTHI
RTINI

“e8
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IER=Y RTNE 129
FICONVSF . RTHI 130
FRICONV' FR RTHI 131
FLICONV®*'R RTHI 132
022,% (XL <X} 7{XL*XR) RTAHI 133
QAZABS(D) RYMI 134
IF QA LT, 1.GE-4) GU TO 1§ RYML 135
IER = ¢ RYMI 136
NRITE(6.723) IERWX i . fTME 137
HRITE (G, 72u4) FoXLI,XKI ‘ RYMI 138
WRITE(64725) FRIFLyXFoXLQA . . ¢ e cmren o RTNMI 139
GO0 Y0 1§ RTME 140
1h IF{ADS(FRI-ABS(FLIVI16016+15 e e s . RYNI 141
15 X3xL . . RTYMI 162
FeFL - cee e e e e RTNL 143
FLICONVSFR RTHI 14t
FRECONVEFR e e e .o ee . RTMI 145
FRCONVSF RTHMI 146
.. 16 RETURN e e e e e e e o . RTNI 147
¢ R RTHI 148
¢ COMPUTATION OF ITERATED X-VALUE BY INVERSE PARAGBOLIC INTERPGLATIO RTHMI 149
LT AZFReF ) RTMI 150
OX2Z (X~XL)I*FLO (L. 4F*{a=TOL) 7(A* (FR=FL))})/TOL .. RTHI 154
XMzX RYYI 152
FnsF . e . etk e dmeteee o RTHL 153
X=XL=0X RTYHI 154
TOL =X . . v RTHI 155
FRFCT(TOL)/CONV RTHI 156
TF(F)18,56,18 . e . RTMI 157
¢ PYNE 158
c TEST ON SATISFACTORY ACCURACY IN ITERATICN LCGP - RTHI 159
18 TOL3EPS . . . RYMI 160
AZABSIX) . . . /Int 161
* IFCA=1.320,20,2%9 . T RTME 162
19 TOL=TOL*A C e e i RTMI 163
20 1F(AQS(CX)=TOL) 21,21,22 . . RTHI 164
21 IFGARS{FI=TOLF)16,16+22 ) . RT4I 16%
c v RIMX 166
c PREPARATION OF NEXT RISSATICN LcCP . . RTHI 163
22 IFCSIGN{1.+F)+SIGNCL,oFL)} 26423424 RTNI 168
23 xXR=X e e e . e e - . RTMS 169
FR=2F . RTMI 179
GO YO & - ) RTMI 17¢
24 XL2X RYHI 172
FL2F e e e e e RTMI 173
ARZXM . RYMI 174
FR2FN . .. * RTHL 175
GO T0 & . RYMI 176
¢ END OF ITERATION LOOP .. RINI 177
c . RTNI 178
] . .o RTHI 179
¢ ERROR ©ZTURN IN CASE OF WRONG INSUT DATA : RTHE 180
25 1lER=2 . R . . RINI 184
FLECONVSFL T RTHI 182
FRICONV*FR .. RYTNI 183
FECONVF ) RTNI 184
IER = 2 . .. RYHI 185
WRITE(6,723) IER,X RTMI 185
WRITE(&,T24) FoXLI,XRI .. R . : RTHI 187
HRITE(E,725) FPWFLXPyXL4AA RTMI 188
723 FORMATILH (W4X,1SHTROUBLE IN RTMI3X MHICR=,1643X92HX2,615.4) RTHI 189
P26 FORMATUIH ¢3Xe2HF2,615.%4IX AHYL T XR12+42G1549) RTMI 190
725 FORMATLLH ¢3X9EHFRIFL=Z42515e8 43X +6MXR9XL=920158¢3X4INQAZ,615,8) RTINI 191
RETURN RTHI 192
END RTNI 193
- / - - L i AP e i gt S

S
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FUNCTION SAL(X) SAL b}
c SAI (FUNCTION) 7725768 LAST CARD IN 0SCX IS SAI 2
c sar 3
c ennspABSTRACTvowa SAI 4
c sat 5
C VITLE - SAL Y s
] PROGRAM TO EVALUATE FUNCYTON SAI(X) FOR GIVEN VARTABLE X. SAL 7
c IF X IS NEGATIVE, SAI(X)I=SIN(Y)I/Y WITH Y2SIRT(=X)e IF X IS Sat 8
c POSITIVZ, SAI(X)I=SIMHIYI/Y WITH Y=SOQT(X}. THE FUNCTION IS  SAt 9
c ALSO REPRESENTABLE €Y THE POWER SERIES SAT 10
¢ ' SAT 11
c SAI(X)= 3 + X/(IFACT) & X¥%2/(SFACT} + X**3I/CTFACT) + ..o SAL 12
¢ sat 13
C LANGUAGE ~ FORTRAMN IV (J€0, REFETENCE MANUAL C2%-56515+4) SAl 14
c SAT 15
€ AUTHOR « AoBePIERCEs MeloTes JULY,1968 SAL 16
c . sat 17
¢ ®eesCALLING SENUSNCE=we= SAX 18
c SAL 19
¢ SAICANY R%, ARGUMENT) PAY HE USEC IN ARITHMESTIC EXPRESSIONS SAL 20
c SAL 21
¢ emecEXTERNAL SUBROUTINES REQUIREQ=e=e sAl 22
c . SAY 23
c NO EXTERNAL SUSRSUTINES ARE REAUIREO .. . SAl 24
c sat 25
¢ eeeec ARGUMENT LISTeee= .. o SAL . 26
c SAl 27
c * x RS ND INP . . s SA&Y 28
C. SAI RS4 NO ouT SAI 29
¢ . .. .- ve mmm———— . = SA 30
C NO CCMMON STORAGE IS USEO o SAL 31
c - SAL 32
¢ ~seePROGRAN FOLLOWS 2ZLOH~==w SAL 33
€ . *. 13 ¢ k{%
¢ SAl 35
1 IFC ADSEX) «GTe $.€~15 ) GO TO 9 e el SAl 36
c . SAL 37
€ ABS(X) IS SO SHMALL THAT SAT IS VIRTUALLY 1,0 - SAt 38
SAI=®1,0 SAl 39
RETURN ; e —n . . e e SAL 40
c SAl 41
C CONTINUING FROM 1 VR SAZ 42
9 Y=SARTLASSIX)) - SAl 43
IF(X) 10,410,112 e e e SAY L4
c . SAL 45
€ X IS LESS THAN (. e —— .. . SAI 46
10 SAI=ZSIN(YIZY . . SAT 47
. RETURN .. - R 1 ) 4 L8
c . SAX 49
€ X IS PGSITIVE. SAI= SINH(YIZY, . SA1 S0
11 €2EXP(Y) . SAl s
SAI20,5% (E-1./E}/Y SAL 52
RETURN sat 53

. END sat sS4 ]

|
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- ‘ . SUBROUTINE SOURCE(OMEGA,FTMAG yFTPHSE +OMAG s BFHSE) SOURCE 1
Ey . c SOURCE (SUIROUTIAES) 8715758 SOURCE 2
12 c SOURCE 3
- ¢ . SOURCE 6
o . c eeeapDSTRACTw=em SQURCE 5
N ¢ SOURCE 6
Y € TIVLE - SOURCE SOURCE 7
: ¢ EVALUATION CF FOURIER TRANSFORM OF NEAR Freuc KCOUSTIC RESPONS SOURCE 3
. ¢ 10 EXPLOSIVE SOURCE SOMRCE 9
c SOURGE 10
c SOURCZ COMPUTES THE FOURIER TRANSFORM OF THE NEAR FIELD SOURCE 11
c PRESSUPE AT 1 KM FPOM A 1 KT EXPLOSION AT SER LEVEL. TH SOURCE 12
c AMBIENT PRESSURE IS ASSUMZIO TO 3E 1.56 OYNES/CN®®2 aND  SOURCE 13
~ ¢ THE TIvE LAPSE FROM TIME ZERO IS NEGLECTEJe AN EMPIRICA SOURCE 16
~ c FORMULA FOR THIS PRESSURE IS . SOURCE 15
c . SOYRCE 16
c F(T) = PAS * (1 ~ (T/TAS)) ® EXPU =T/TAS )} o'T .GT, SOURCE 17
] ¢ s SOURCE 18
c 20 o T AT, O SOURCE 19
¢ SOURCE 20
| ¢ WITH FAS = (34,455+3) & (1,61) DYNES/CM®*2 SOURCE 21
c ANO TAS 3 §.33 SEC SOURCE 22
c . y SOURCE 23
c THEREFORE, ITS FOURIZR TRANSFORM IS : SOURCE 26
c SOURCE 25
' c FT{(OMEGA)= <1 ® OMZIGE * PAS 7 (1/TAS = I » OMEGAD**2 SOURCE 26
¢ , SOHRCE 27
c WHERE T = (=1)%%0.5 ., ] SOURCE 28
3 ¢ . SOURCE 29
X C LANGUAGE = FORTRAN IV (3€d+ REFZPENCE MANUAL C23~6515-4) SOURCE 0
3 ¢ : SOURCT 3t
3 € AUTHORS « AuS.OTERCE ANO JoPOSEYy MeloTes AUGUST,5968 SOURCE 22
A ¢ .. SOURCE 33
; ¢ - —— A SOURCE 3u
- ¢ cccnlSAGE==~= SOURCE 3s
c . .. ) SOURCE 36
¢ SUBROUTINE PHASE IS CALLED SOURCE 37
o ¢ : S, SOURCE 38
€ FORTRAN USAGE SOURCE 39
g . ¢ . —. . SOYRCE 40
. c CALL SOURCE(OMEGALFYMAGFTPHSE o OMAG+GPHSE) SOURCE u
c . .. SOURCE 42
3 € INFUTS SOYRCE 43
¢ . . SOURCE AN
€  OMEGA ANGUL AR FREQUEMNCT (RADIANS/SEC) SOURCE 45
¢ R4 . ] . - - . SOURCE 46
] ¢ SOURCE w7
.. € OUTPUTS e SO:JRCE 48
: ¢ . SOURCE 49
C  FTMAG MAGNITUCE OF FT(OMEGA) OSFINED ASOVE IN SUBROUTINE ASSTR SOURCE 56
(4 R*y ( (OYNES/CM®e2) /7 (PAC/SEC) ) SOURCE 51
3 ¢ SOURCE 52
¢ FTPHSE PHASE OF FT(ONEGA) DSFINED ABOVE IN SUBROUTINE ABSTRACT SOURCE 53
¢ R% 4 (RADIANS) .o e e SOURCE Sh
. . e SOURCE 55
C  DOMAG DERIVATIVE CF FTMAG WITH RESPSCT TO OMEGA ( (DYNES/CM**2 SOURCE 56
c R%G / (RAD/SECI®**2 ) SOURGCE 57
¢ . SOURCE 58
¢ DPHSE DEZRIVATIVE OF FTPHSE WITH RESPECT TG OMEGA (RAD / (RAD/ SCURCE 59
c ReY SEC) ) - . SOU®CE 60
¢ SOYRCE 61
[ ¢t .- . SOURCE 62
: ¢ ec==PRCGRAN FOLLONS BELOW==== SOURCE 63
; ¢ SOURCE 64

!
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WE ASSUME INVERSS R DEFENDENGS
PASZ(34,4L5E43/71.0)%(1.€1)

IS IN CYMES/CHe*2

THIS IS THE PCAX OVERPRESSURE AT 1 KM
TAS=0,33

TAS IS THE LENGTH OF THE PCSITIVE SHASE
OMO=1.0/TAS

CENOM=CMEGA®®240M0%42
FTMAGSFAS®OMEGA/DZNON
OMAGZPAS/DENOM=Z G2 CAS*C¥EGA®*2/CENON®S
CALL PHASE(OMO+DVYEGA ¢ X oFHI) o
PHI IS THE ARCTAN OF CMEGA/CNO

TFYPHSE==3e1415927/240¢2,0%0HI

DPHSE=2,0%0M0/0EAOM

THE OZRIVATIVE COF THE ARCTAN IS 1./(l.4Y*%2)
RET/'?IN

END

- R R W T SN
e

-

e ——— = =

SOURCE
SOURCE
SOURCE
SOURCE
SOUSCE
SOURCE
SOURCE
SOURCE
Sou?CcE
SoyeceE
SOQURCE
SOUACE
SQURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE

i

65
€6
67
68
69
70
71
72
73
76
75
76
7
78
79
80
81
82
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SURROUTINE S'ISFCT(N,M¢NRCHe INMOOS, ISUSY

SUSPCT (SUNROUTINE) 7719768  LAST CARD IN 0ZCK IS
OOO-AOSTRlCY""'
TITLE - SUSPCT
EVALUATION CF SUSFICICN IMDEX OF ELINSNT (NoM3 GF MRTRIX INMOO
SUSPCT EVALUATES THE SUSPICION INDEX, ISUS. OF THE ELEME
IN ROW N, COLUMN M OF THZ MAYRIX INNIDE € (NoM) “UST RE
AN INTEIOR ELEMENT). THE NEIGHIOKS OF (NoM} ARE OECINE
70 BE THE EIGHT ELEMINTS WHICH FORN THE THREE @Y THPSE
ELEMEAT SNUARS wWHICH MHAS (N.M) AT LTS CENTEZR. THZY ARES
NUMBERS0O FROM ONE TO NINE QEGINNING IN THME UPPED LEFT AN
PROCEENING CLCCKHWIST (NCe 1 AND MN3e 9 APE SAME CLIMENT).
EACH ELEMENT CF MATRIX IMMOQOS MUST HAVE ONZ OF THRZIE
VALUESs =1,y Le¢ OR 5. (N,M) IS NOT SUSPICIOUS ANC ISUS >
0 IF ANY OME CF THE FOLLOWING CONDITIONS WOLOS..
Lo EZLENENT (M,M) > 5
2¢ ANY CF ITS NEICGHQORS > &
3. NOWHIRE IM THE 3x3 ARRAY OF CHNeMd AND ITS AEIGH
BORS CCES THERZ APPEAR VO BS A QISPSRSION CURVE
WITH POSITIVE SLOPE
OTHERRISZ ISUS IS SIT SOUAL TO THE MUMASR OF THE ALADRAN
IN WHICH THE FOSITIVE SLORS APPEARS. THE CLAJRANTS ARE
NJMBEREC BEGIANING. IN THE UPPER LEFT ANGC PRCCZOING CLOCK
WISE.
LANGUAGE = FORTRAN IV (350, REFERENCE HANUAL C28-6525=4)
AUTHORS = A+O.PIERCE ANG JeB0SEYy MeIeTeo JUNE,1968
. enecelSAGE~~=" A
NO FORTRAN SUBROUTINES ARE CALLED
FORTGAN USAGS
CALL SUSFCT(tiyNeNROH, INHODS o ISUS) ..
INFUTS . .
N RON MUMBER OF SLEMENT UNDER CONSIOERATION (KAY NOT €S
I%4 FIRST Of LAST ROW)
" COLUMN NUMBER CF ELEMENT UNDER CONSIOSRAION (MAY NOT 8t
} 1) FIRST OR LAST CCLUMN) .
NROW TOTAL NUNBER CF ROWS IN INNODE. _
1%
INMOOE MATRIX UNDER COMSICERATION STORED IN VECTOR FORM, CCLUNN
I*4(0) AFTER COLUMNe EACH ELEMENT MUST BE =1, 1o OR S
ouUTPUTS e e e emeeee o mmm
Isus SUSPICICN INOEX OF ELEMENT (NoM). SEE AISTRACT ABOVE FO
I OZFINITION.
weeafXANPLES w-e . . O

CALLING PRUGRAM

OIMENSIOMN INMODE (D)
INNMODE > =L¢ =19 Lo 19 =1y 3o 1o 1y -}

T N Y A R A ) W ea St .
i

|

sUSPCT
ssecY
sysecy
SUSPCT
sUsPCT
susePCT
susect
SUSFCT
susacT
SUSFCT
susecT
susect
suseer
SUSPCT
SUSPCT
SUSECT
SUSECT
susPCT
SUSFCT
susecT
SUSFCT

susecr’

SUseCT
SUSFCT
suUsPCT
SUSPCT
SusecCT
StISPCY
SUSFCT
susecT
susfCT
SUSPCT
suseCt
SUSFCT
sysreeT
sSysePcY
SUSFCY
SusePeCT
suseCY
SUSPCT
SUSFCT
SUSPCT
sSUsePcr
SUSPCTY
susaCT
SUSPCT
sussecT
SUSFCT
SUSPCT
SUSFCT
SUSFCTY
SysPCT
SUSACT
SUSFCT
SUSFCT
SUSFCTY
SUSFCT
SUSeCY
susecy
susecr
SUSFCT
susecT
SUseCcY
SUSPCT
syseQTY
susecy
SUsPCY
susecT

[Z]
o

s es W
WNrow

WMV E S EE S &
NFrOOBNTWNF

BLAURUEY RS R
BNOWN S W

(Y
0

N
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CALL SUSPCT (242939 INFCOE,ISUS)
WRITE (6,200) ISUS

200 FORMAT (10H CXAMSLE 146X, BHISUS >4I2)
INMODE > =1y =1o 1y 1o -1y =14 1s 1+ L
CALL SUSPCT(2+2+%¢ INFOLELISUS)
WRITE (643000 ISUS

300 FORMAT (104 EXAMFLE 24EXs BMISUS >4I2)
END

TABLES OF INMOOE
EXAMPLE 1 EXARELE 2

b -4
aed oad
. - Yud

PSS

PRINTOUT

e e et

EXAMPLE 1 Isys = 3
EXAMPLE 2 Isys = 0

~ees=PROGRAM FOLLOWS BELOWew~=w

VARIABLE OTMENSIONING OF IAFODE
DIMENSION IPPC9),INMOCE(L)

an OOC‘DOOOOOOOOOOOOOOOOOGOOﬂQOOO

ELENENT (N,M) OF INMODZ IS ICEN
J163(4=1) SHROHN
ICEN=INNODZ (J16)

, * Isusz 0

"IF ICEN IS Ss IT IS NOT SUSFICIOUS AMND ISUS 3 0,
IFLICEN +EQ. 5) RITURN e e

IPPIN) IS NZIGH30R NO. N (SEE ABSTRACT A30OVE FOR NUHIERING SCHENE)
' JL72(4=2) *HROW+ (N=L)
» IPO(L) ZINMDIELILT)
J183(M=1)*HROW+ (A=)
IPP(2) =INMIDE (J18)
j J193(M=0)*HRON S (A=l
' IPP(2) TINMODE (J19)
¥ J202(M=0) *HR0H+ (N=0)
s IPP L) =IHMIDE (J20)
J213 (M=) ) *NION+(N+L)
IPP(5) =IAMODZ (J21)
J223(H=1)*NROW+ (N #L)
1PB(6) =INMIDE (JZ2)
: J232(M=2) *NROWS (N+1)
J 1P2(7) 3 INNODE(J23)
J242(M=2)*N0H+ (N e)
IPO(3) INMODE (J2W)
1PP(9) = 1PP(1)
NX 3 0
00 10 I21,9%
TFUIPP(I) +EQe 5) NXINX#L
10 COMTINUE

- 1 € NX IS THE NUFBZR OF AEIGHECRS WHICH EQUAL +5

- [

2 ¢ IF MORE THAN ONE NEIGHBOR IS EQUAL TG +5, THIN ISUS=9
: ] IF (NX oGTe 1) PETURK

sysecT -

susecY
sysect
SUSECT
susecT
SUSFCY
susecT

SUSFCT,

susecY
susecT
SUSFCT
susect
SUSPCT
SUSPCT
SUSPCY
SUSFCT
susecT
SUSPCY
SUSFCT
SuUseCY
SUSPCY
suseCT
SUsSPCT
SUSFCY
SUSPCT
susecT
SUSFCY
SUSeCT
SUSPCY
SUSPCT
suseCTY
SUsenY
SUSPCT
susect
susect
SUSPCT
SUSPCT
SUSFCT
SUSFCT
SuseCty
SUSPCT
SUSRCY
susecy
SUSFCY
susecT
SUSFCY
susePCT
SUSeCT
SUSFCY
SUSFPCY
SUSFCT
SUSECT
SUSPCT
SUSFCT
susest
SUSPCT
SUSPCY
SUSPCT
suspcT
susecrt
susect
sUsePCY
SUSPCT
sSysSPCT




c . suysect 133
C IF NEIGHBOR 3 I% THE ONLY CNZ EOUAL TO ¢5 ANQ ETTHER NEIGHOOP Z UR  SUSFCT  13&
c

CIN 8 NEIGHBOR & DOES NOT AGREE WITH ICSNe THEN ISUS=Z susecy 135
SR C ISUM = TABSC ICEMN ¢ IF3({2) ¢ IEF(4)) SusefCY 136
f - . IF (I99(2).EQ¢5 .AND. ISUMJNEL3) ISUS=Z . susPeTY 137
ot } IF (NX<GT0) RETURM . suseCcY 138
k., ’ 30 00 50 1=1,9 ) SysPcT 139
E S0 IPO(II=(IANSCIPFR(I) ¢ICENII/2 SUSPCT 140
% C IPA(I) IS 1 IF NEIGHBOR 1 AGRECLS WITH ICON, IT IS 0 IF THZY OISAGPEE SHSPCT 161
C (T0 REACH THIS PQINT,s NEITHER ICSN HOR ANY OF ITS NEIGHOGRS COULC BE SUSFCT 142
’ c susecT 143
s IsUs = & : SUSPCT 1k
' IFC IPPI1) JEN. 0 ANO. IPP(2) +EQe 1 +AND. IPPUE) JENW L) suseCT 145
1 RETURN SUSFCT 146
IF( IP2U%) <EQ¢ 9 +AKDe IPP(2) .EQ. 0) RETURN - susecT 1.7
Isus = 2 sSuUsACT 148
* IFC IPP(2) .EQ. 0 .AND. IPP(T) .EQe 1) RETURN susect 169
] IFC IPP(3) +EQ. 1 «AND. IPO(W) EQe J) RETURN suseCt 150
IsuUs = 3 SUSFCT 154
- IF( IP2(5) +EQ. 0 AND. IPO(L) EQe 1 oANO. IVP(E) +EQ. 1} sysecr 152
3 1 RETURN ) SUSFCY 153
IFL I05(4) +EQ. T JAND. IPZ(6) FQ« ) RETURN SUSpPCY 156
IsUs = & SUSRCT 155

‘ IFL IFO(E) <ENe¢ 0 .AND. IPPU(7) .£0. 1) RETURN . SUSPCT 156 -
‘ IFL IPA(7) «ENe L +ANDe IPP(B) oJEe 3) RETURN : suseCY 157
ISUsS = 0 SUSFCTY 58
PETURN susecy 159
END SUSPCY 160
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SUBROUTINE TABLECOML1oCM2,V2eV2oNCHeNVP, THETK 90 eV o INNQOE « NOPTY TAOLE

1] TABLE (SUBROUTINE? 7739761 LAST CARI IN DECKX IS TASBLE
c . ' .. . ; TABLS
c R TABLE
c eeweABSTRACT - TABLE
[+ TABLE
C TITLE ~ TA9L: TABLE
c GENERATION COF SUSPICIONLESS TABLE OF NORMAL ROUE CISPEPSION TADLE
c FUNCTION SIGHNS ‘ TADLE
c TABLE
C TABLE CALLS SUSQQUTINE MPOUT TO CONSTIUCT THE MATYRIX OF TASBLE
[ NORPMAL FMOJE OISPERSION FUNCTIOMN SIGNS INMOCEZ (STORIC IN TARLE
c . VECTOR FORM COLUMM AFTER COLUMNMNY FOR REGION IN FPZAUINCY TAALE
c FHASE VELOCITY CLAND (OP1,LZOMIGALLE,ON2AND.VILELYP L TAQLE
. C eV2), SUAROUTINT SUSPCY IS CALLED YO £VALUATE THE SHSPI TAELE
c CION INCEX +1ISUSs OF EACH INTZIRIOR ETLEMENT IN THE MATRIX TABLE
c [ SCANNING FPOM LIFT TO RIGHT, TOF YO O0TTOM. IF ISUS .NZ. TAELS
c 0 o INMCOEZ IS ALTZRED AS FOLLOWS. TABLE
c ISUS=L RGW 20CESD AEOVE SUSPICIOCUS ELEMENT AND COLUM TAELE
c ACOZD YO ITS LEFT TAOLE
c — 22 COLUMN AOQDED TOQO RIGHT OF SUSPICINYS ELEMENT TARLE
c ANG 20W AQCED AT0VE IT . TARLE
c —— 23 ROk A0GZ) eILO0W SUSPICIOUS ELEMENT ANO COLUM TABLE
c ACCZD TO ITS RIGHT TAOLE
B e sl COLUMN ADCEC TO LZFT OF SUSPICIOUS ELEMENT TABLE
c ANC 90W ACCED 93LOW IT TAOGLE
..C HOREVER, NEITHZS THZ KNUMBZIR OF ROWS NVF NOR THE NUMEZR 0O TAGBLE
c COLUMNS NOM HWILL 9E INCPCASED SLYOND 10G. YF ISUS CALLS TAGLE
c meee FOR AN ADDITICMAL ROW WHEN NVP = 100 4 THZ MESSAGE TABLE
c (NVe = 100 N 3 XX M = XX) WILL BE FRINTED, YABLE
c e e See s us N IS ROK MO0, CF SUSFICICUS SLEMENT. 4 IS COLUMN NO. IF TABLE
c ISUS CALLS FCR ADJITION OF A4 COLUMN WHEN NOM = 108, THE TAALE
c e MESSAGE (NOM = 100 8N = XX M = XX) IS PRINT TADLE
] WHEN INPFODE HAS SIEN EXFANDIO SCANNING IS RESUMED AT THE TAHLE
c ELENENT IN NCh MATRIX WITY SAHI FOW AND COLUMN NOS. AS TAALE
c THOSE OF SUSFICIOUS SLEZMENT IM OLD MATRIX. IF NQO°T IS TABLE
€ .._ .. POSITIVS INMCIC WILL O PRINTED AS IT IS RETURNED FROM TABLE
c MPOUT AND IN ITS FIMNAL FORM. TABLE
c TARLE
€ LANGUAGE ~ FORYRAN IV (3604 REFERENCE MANUAL - C28-6515-4) TAGLE
c TABLE
€ AUTHOR * JeHoPOSEYy MeloeTes JUNZ,1968 TARLE
4 . TABLE
c N TABLE
c e enseliSAGEcv=- TARLE
c TAELE
1+ SUBROUTINES HMPOUT,SUSFCT+LNGTHN+RIDEN NMOFN ARE CALLED IN TAELEe TAELEZ
c TABLE
€ FORTRAN USAGE TAQLE
c CALL TAALE(OM140M2oV19V2sNCMeNVPTHETK 0Ky Ve INMOBE +NOPT) TABLE
c o, - N TAEBLE
€ INFUTS TAGLE
¢ TASLE
¢ ong MINIMUM VALUE CF FREQUSACY TO BE CONSIDEREOD. TAOLE
1+ R*% . TABLE
[ M2 MAXINMUM VALUE CF FREQUIMY TO 3E CONSIDERED TABLE
4 R*4 TABLE
c vs MINIMUM VALUE CF O9HASE VELOCITY TO Bf CONSIDERED TAQLE
c . R%% TAELE
c v MAXINUM VALUE CF PHASE VELOCITY TO EE CONSICERED TARLS

i
1
/
L APV PPRSPE NP S NS ANV SROIE T A,

b
OO NOWVNEWNP

PORD 1o o 1 1 o ps o o
HFOVBNOWVEWN

NN
annturo'

WL NN
NP OoD N

€t 4
NOWN & W

&
- X" N- ]

AU BULU AU RUEU U R R Rk R A
NONEUNIPOSOLINOVNS WN»

aonwn
0>




S i gl

e e

L e L L L L N e L L L L L L L L D G G G L N L L N D K Y

R%4
NOY
I
NvP
1%
THETK
Reg
NOPT
1%

ouTPUTS

NOM

1%
Nve

1%
on

R*4 (D)

R%6 (D)

INMODE
I% (0}

»

LET INKQDE

HITH NOM
AND OH = 140+1.502409245
V 3 2,002¢003404b.0

INITIAL NO. OF FRERUZNCIES TO BE CONSICERED

INITIAL ND. OF PHASE VELOCITIES YO ?5 CONSIOERED

PHASE VELOCITY DIRECTION {RADIANS)

PRINT oUT OFfICN. IF NOPT = =i, NG PRINT. [F NOPT = 1,

INMODE IS FEINTED IMN ITS INITIAL FORM (GENSRAYEQ %Y MPOU
AND IN ITS FINAL FORM.

TOTAL NCo OF FRZQUENCIES CONSIDERED
TOTAL MNCe OF PHASE “ELOCITIES CONSIOSREC

'VECYOR WHOSE ELEMEMNTS APE THE VALUES QF ANGULAR FREGUENC

CORRISPONOING TG THE COLUMNS OF THE INMOOE PMATRIX

VECTOR HHOSE ELIMENMTS AQZ THE VALUSS OF PMASE VELCCITY
CORRESPONOING TO THT ROWS OF THZ INMODE MATRIX

EACH ELENMINT CF THIS PATRIX CORRSSFONNS TG & POINT IN TH
FRICUENCY (CHM) = PHASE VSLOCITY (V) FLANE. IF THE ANRHA
MO0Z CISPERSICN FUMCTION (F2P) IS O0SITIVS AT TWATY ROINT
THE ELEMENT TS ¢le IF FPP IS NEGATIVI, THE ELEMEMT IS =1
IF FPF COES NOT EXIST, THE ELEMENT IS 5. INMOCE HAS NVAR
ROWS ANG NOM CCLUMNS. PMATRIX IS STORED AS A VECTIR,
COLUMN AFTER COLU“N. .

cocefXAMNBlEovne
T T TI TR TR RLITRO TR TL I I 1S ¥% ¥R P

NVP = & .
THITK = 3414159

(VALUES NOT CORRECT, FOR ILLUSTRATICN ONLY) | e e

THEN THE TARLE WILL NE PRINTED AS FOLLOWS,

VPHASE
1.00000
2.00000
3.080630
4.00000

OMEGA

OMEGA =

-0+200005 01  0.1§000E 01  0.200005 02 _0.25000€ 02

NORFAL MODE OISFERSION FUNCTION SIGN
L d 2 4
X=td
)T TS
Xons

1234
PHASE VELOCITY CIRECTIOMN IS 90.0000EGREES

P e e e

s=v=PROGRAN FOLLOHS 3ELOH ==

b eeme mar  se aee - - e o m et T cam—

DIMENSION OM€10C),Vv(100),INMONE(20030) ,30RN(L00} ,KORN(100)
COMMON INMAX+CI(3190)VXICL00)4VYII1G0)oMI(L6D)

€ NPOUT IS ChLLES TO FRODUCE INMCOE MATRIX AND OM ANO V VECTORS,.

CALL MOQUT(OM1,0%2,V14V24NCHyNVO,INMODE 9 OMy Vs THETK)

TanLE
TAGLE
TABLE
TABLE
TABLE
TARLE
TABLE
TAPLE
TACLE
TABLE
TABLE
TACLE
TAQLE
TAOLE
TABLE
TARLS
TAOLE
TARLE
TASLE
TABLE
TagLE
TARLE
TABLE
TAQLE
TAGLS
TAOLE
TABLE
TABLE
TASLE
TABLE
TAELE
TAELE
TABLE
TABLE
TAQCLE
TABLE
TADLE
TABLE
TABLE
TADLE
TABLE
TABLE
TAGLE
TAELE
TABLE
TABLE
TALLE
TABLE
TABLE
TABLE
TARLE
TABLE
TABLE
TABLE
TACLE
TABLE
TABLS
TABLE
TABLE
TADLE
TABLE
TAOLE
TAGLE
TABLE

117
118
119
120
121
122
123
124
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c TACLE . 125
C IFLAG = { INODICAYES FIRST TIFME THROUGH WRITE PRGCEOUPE TABLE 126
IFLAG = 8 . TABLE 127
¢ TAGLE 128
C INMODE IS FRINTEQ 1IF NOPT IS PCSITIVE TASLE 129
IF (NOPT.GE.0) GC 1O 123 TABLE 130
S IFLAG = 0 . TABLE 131
NOPER=D TADLE 132
C NOPER IS THE NUMBER OF EXPANSION OFEJATIONS PERFARMED IN THE PRZSENT TARLE 133
C SCAN OF THE MATRIX. THUS, NOPER IS THE NUMBER OF SUSPICIOUS POINTS  TaeL: 134
C FOUND IN THE PRESZAT SCAN. TaeLe 135
¢ TABLE 136
; C BEGIN SCANNING OF INTERIOR ELEMENTS CF INMOOE 'IN UPPER LEFT CORNER  TADLE 137
] N=22 TABLS 138
3 =2 TABLE 139
< 10 CALL SUSPCT{NyM,NVP, INMOOZ,1SUS) TARLE 140
¥, c TABLE 26
b C POINT (N,M) IS SUSFICIOUS IF ISUSJNE.O TABLE 142
E ; IFLISUS.MELD) GO TO 60 TABLE 143
E - c TASLE 144
2 € CMECK FOR £KC OF ROW YABLE 145
. 20 IF (M.LT.(NOR-1)) GO TO 30 TABLE 146
. c TABLE 14?7
B ) C CHECK FO LAST ROW TARLE 1u8
; IF (NJLT.tNVP-1)) GO TO 40 TABLE 149.
60 To 12¢ TABLE 150
i ¢ ) TABLE 151
: ' C MOVE ONE COLUMN TO RISHT TAQLE 152
= 30 Moz Moy ' TABLE 153
| GO TO 10 TABLE 154
; ¢ ) TARLE 155
ks C ADVANCE ONE POW ANO STARY AT COLUMN THC TABLE 156
e . NMON 3 N ’ TABLE 157
. nw=2 TAGLE 158
. G0 Y0 10 . TABLE 159
¢ TARLE 160
€ CHECK FOR MAXIMUM VALUE CF NvP TABLE 161
60 IF(NVA,LT.100) GG TO 62 TABLE 162
, 61 FOIMAT (ZLH NVP = 100 N 2413,8H n 2,13 TABLE 163
WRITE €6461) NoM . TABLE 164
Go TV 20 TABLE 165
62 IF(NOM LT, 200) GO TO 70 TABLE 166
b, 63 FORMAT(24HNOM = 100 Ns,13, 84 .HZ, 1Y) TABLE 167
- 6l WRITE(6163) NoM . . TAELE 168
GO o 20 TABLE 169
70 IF(ISUS .NE. 1) GO TO 75 TABLE 170
c ) TASLE i
C ADD ROW AROVE SUSFICIOUS FCINT TABLE 172
J NLZN=1 TABLE 173
¢ TABLE 176
C ADO A COLUMN TO LEFT OF SUSPICIOUS FOINT TABLE 175
Miziey TABLE 176
] G0 1O 100 TABLE 177
7S IF(ISUS NS+ 2) GO TO &0 TASLE 178
s \ - ' TASLE 179
: ! C AOD A COLUMN TO RIGHT OF SUS®ICIOUS POINT TABLE 120
. LI TABLE 184
! ¢ ' TABLE 182
' C AO0 ROW ABOVE SUSPICIOUS FOINT TAELE 183

HizN-1 . TABLE 184 i
GO YO 100 TABLE 185
80 IF(ISUS .NE. 3) GO VO 85 TASLE 186
TABLE 187
k € AQCO A COLUMN TO RIGHT OF SUSAICIQUS POINT TABLE 188

4

e —— = - - ——

- Ny,

MRS g




A LR

iAo

¥

-

o0

o0 OO0

a0 o0

oo,

(¢ X 1]

[ X+ ]

-159-

Mi=N

ADC ROW BELOW SUSPICIOUS POINT
Ni=N .
Go 70 10¢

ADO ROW DELOW SUSPICIOUS FCINT
85 NisN

ADD A COLUMN TO LEFT OF SUSFICIOUS POINT
MLlzM-} Lo

100 ‘CONT INUE
CALL LAGTHH(OH Vo INMOGT JNOM NYP o NVFPoNL y Lo THETKY
CALL HIDENCONM,YoINHODE +NOMJNOMPGAYPP oML oL s THETK)
HYPaNYOP .
NOMZNOMP
NOPERZNOPER+] .. -
GO T0 16 :

124 CONTINUE

TABLE .

TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TABLE
TASLE
TACLE
TABLE
TABLE
TABLE
TAGLE
TABLE

o TABLE

TABLE
TABLS
TABLE

IF(NOPER ,GT. 0 .AND. AVE (LT, 10080 .ANO. NOM .LTe.. 2000 GO TO S TABLE

. TAGLE

DO NOT PRINT INMODE IF NOPT IS NEGAIIVE TAGLE
IFI{NOPT LT, C) RETURN TABLE

. TAOLE

LAJELING : TACLE
122 FOOMAT (EHLVPHSE.6X +I6HAORPFAL MOOE OISPERSION FUNCTION SIGN/) TABLE
123 KRITS (64122) TAFLE
N0 133 I=i.NVP TABLE

Q0 128 J=1,NON TAQLE
J883(J=1)¥NVOe] TABLE
JOG=INMOCE(JBY) -1 TABLE

IF (J89) 1256,125.124 TABLE

124 CONTINUE . TABLE
TADLE

IF INMODE = 5, OORN 3 LHX. TAELE
DATA QW/iHX/ TAELE
OORN(J) = N3 TABLS

GO TO 127 TABLE

12% CONTINUE . TABLE
TABLE

IF INMOGOZ = 1, DORN = iHe¢ vABLE
OATA Q2/7iHe7 TANLE
CORN(J) "= Q2 .t TABLE

GO 70 127 TABLE

126 CONTINUE TABLE
- : TABLE

IF INMOOE = <i, OORN 2 {H~ TABLE
OATA Q371H-/ TABLE
00N = N3 - TABLE

127 CONTINUE TABLE
428 CONTINUE . e - TABLE
TASLE

PRINT RONH I OF TABLZ e e TABLE
MRITE (6,130)VIIY, (DORN(J)y JZ14NOH) TABLE

130 FOIMAT(IM +F2,5,3%Xs1C0A2) . - TAELE
133 CONTINUE . TABLE
Jig = 10 t er——— TABLE

00 150 Jzi,NOM TAELE
[P . TARLE

NUMBER COLUMNS TABLE
150 XORN(J) = MOO(J,J10) . TABLE
HRITE (6,283) (KCRMN(J), J=1,NOM) TABLE

243 FURMAT (GHOOMEGA,6X+10011) TABLE
TARLE

189
190
191
192
193
194
195
196
197
198
199
200
2032
202
203
204
205
206
267
208
209
210
211
212

213.

214
215
216
17
218
219
220
221
222
223
224
225
226
227
223
229
230
231
232
233
2346
235
236
237
238
239
260
268
242
243
2l
245
246
247
268
249
250
[3-3%
252

A
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€ CONVERT THETK FROM PAOIANS TC CEGREES . ’ . TAQLE - 253
N X 3 THETK®*186/3.14159 . TAsLE 254
2 : HRITE (64413 X | TASLE 255
S R 413 FORMAT (1H +11X¢27HPHASE VELCCITY OIRECTION ISeFGels. TABLE 256
S L 4 GHOEGPRESS ) . ) . . TADLE 257
; HRITE (6,4513) TAELE 258 o
! 843 FORMAT { 8HOOMEGA =) ° ) - TALLE 259 wf
2 ' TAGLE 260 !
i C LIST VALUES OF OMEGA WHICH CORRESPONE TO COLUMNS OF TASLE TABLE 261 4
! HRITE (646L13) (OMUI)4I21,H0M) TAALE 262 N
{ 613 FOAMAT ( 14 +5214.5) . .. e e e TAGLE 263 :
. § ¢ : ) TaeLs 264 .
E X | C IF SUSPICION ELIMINATION HAS NOT BEEN PSRFORMEO, ASGIN IT AT THIS TIN TABLE 265 :
&“,' ! IF(IFLAG.EN.1) GO TO § TABLE 266 i
+ . : RETURN TABLE 267 :
-] o ENO TABLE 268
v ! ,
{ :
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SUBPQUTINE TABFRT(YIELCMOFNDKSTXKFIN,ONMOT,VPNOD. TAGERT
LAMPLTO,FHAST) . TAQPRY
TACPRT (SUBROUTINE} 7733268  LAST CAPD IN DECK IS TABPRT
TASPRT

eeesABSTRACT moe= N TAAPRT

TASPRY

TITLE - TABPPTY . TAOPRT
PROGRAM TO PRINT CUT LISTS OF FREQCUENCYs PHASE VELOCITY, TLSPRT

AMBLITUNE, ANT SHASZ FOR EACH GUIDED MQDZ SXCITED OY 2 AUCLEAR TAGPRT

EXPLOSION OF GIVEN YIZLO.

THY SINULTAHEOUS LISTING OF FRENUEN TASPRT

AND PHASE VELCCITY RECRESENTS THE DISFERSINN CURVE FOR Thi TARORY

GUI0zD MODZ.

THE GLANTITIES AMFLTO ANO PHASE DEFEND CN SCURCEL TAQBPRT

AND ORSIRVEP HLIGHhTS AS WELL AS THE MODCEL ATMOSPHERZ. HOWZIVLR TANPRT
THE LATYER INFORMATICN IS NOTV LISTED SY TA9IPRT ANC IS PRISUMED TANPRT

7O SE LISTED Y ANCTHER SHAPOUTINZ, THE SUBRIUTINE TABERTY TARFRTY

SHOULC NOT 8% CALLEO UNTIL alL THE QUANTITIES TO BE LIST=C TABPRT

HAVE CEEN COMPUTEC ANT STORED IN THE MACHINE. NORMALLY, TRABERY

ATMGSs TABLE, ALLMCOIs PAMPOE, AND PPAMP WOULD 8E CALLED SEFORE TADPRY
TASPRT, . TABERT
TABPRY

LANGUAGE = FORTRAM IV (330, REFSOENCE MNANUAL CR24-~651%-4) TABORT
AUTHORS = AdDPIERCE ANC JoPOSEYs MeIeTes JULY,1968 TABPRT
TAneRY

wewasCALLING SEQUENCE=e=~ TASPRY

TABPRTY

OIFENSION KSTL1) oKFINCL) 4OMMCOCLYVPNODCL) AMOLTO(LY 4PHASQL) TVARPRT

THE SUSROUTINE USES VARIZSLI OIMENSICNINGe THE TRUE DIMENSICNS FUST TASPRT
BE GIVEN IN THZ PROGRIAM wWHICH DLEFINES THISZ QUANTITIES. SES THZ TAQPOY
OIMCASION STATZMENTS IN THZ PAIN PRQGRAM, TARPRT
CALL TABPRT(YIELCoMOFNC+KSToKFINoOMMOD,VAMOT,AMPLTD,,PHASO) TAGPRT
TADPRTY

NO EXTERNAL SUBROUTINES ARE REQUIRES .. TABPRT
. TARPRY

*eec ARGUMEAT LISTwcea - YABPRT

TARPRY

YIEL)D R*%Y NO iN® . TABPRY
*POFND I%% ND INO TACFRT
KsT %4 VAR  Ino v e ke . TAQSRY

« KFIN I%4 VAR e ) TAQPRT
OMNQO R VAR ING . TABPRT
veHOD R*4 VAR MNP TABPARY
AMPLTD R*4 VAR NP - . TAQBFRT
FHASQ R®4 VAR INS ) TABBRT

oY - TAQPRY

NO COMMON STORAGE !JSED . TABPRT
. TABPRT

esneINBUYTSeoee TANPRT

L e TAEPRY

YIELO TENERGY YIELC OF EXOLOSION In EMUIVALENT XKILOTONS (KT TA@PRT

OF TNT. 1 KT = 4,2X(10)%*19 €PGSe ) TARERT

MOFND =NUMEER OF NCRMAL MCDES FOUNIT TANPRTY
KSTIN) SIANEX OF FISST TACGULATZO POINT IN NeTH MOOE TARPRY
ZLFININY SINDEX OF LAST TAIWLATED POINT IN N-TH MODS. IN TA@PRY

' GENERAL, KFIN(MIZVST(N®L) =1, TAARFRT
OMMCD(N) FARKAY STCRING ANGULAP FITOUSNCY AROTHATE (RAC/SECY O TABPRY

POINTS ON CISFERSION CURVES. THE NMOOJE MOGE IS STOR TAQGRT
FOR N PLTWIIN KSTIRNMINE) AND KFINCNMOOE) . TANPRT

VPHGON) SAPPAY STORING PHASE VZLOCITY GRGINATE (KM/SEC) CF TABRRT
POINTS CAN DISPEPSION CHRVIS., THE NFMDIJE MIOE IS STOR TARORT
FORP N BETHWEEN XSTC(AFODI) AND KFIN(NMOOZ), TABORY
ANPLTOIN) =AFPLITUGCE FARTCR REFRISINTING TOTAL HMAGNITUCE OF TABPRT
FCURIER TRANSFOSM CF THZ CONTRIBUTICHN TQ THE WAVEFQR TAARPRT
FROP A SINGLE GUICZC MOCE a&T FRIVWENCY CMMCO(INI . TAQFRT
ITS UNITS SHOULC BE (DYNES/CM**2)* (KM®*(1/2))*SEC, TAQORY
; . ] ) n-'-,A RS
A - .:T;_ PR

OONOW.OHNO‘

e

PR C A
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IV REPRESSNTS THI AMPLITUOS OF NMODZ~TH MODE IF
BETREEN KSTINMOCE) AND XUININMODZ) . INCLUSIVE.
PRECISE CEFINITION, STE SYUTQUTINE odaMo,

2PHASE LAG IN RACIANS AT FREQUINCY OMMCO(N) FOR T
NNOCE=TH ROOE WHIN K IS BETHIEN KST(MMODE) ANO

N 1S TaGRQrY
FOR TABFOY
TABPRT
HE  TABPPT
TABRRT

KFIN(NNOGZ) s INCLUSIVE.

THZ INTZGRAND IS UNDSISTOCO TADFRT

TO HAVE
. *PHASQ) .

THE FORM aMCLTO®COS(OMMON*(TINE~DISTANCE/ZVPN

FOR A PRECISE DEFINIT

Ay
“ iy

SEE SUOROUTINE

TABORT
TAAART

e

P

ﬂﬂt’ﬂ"ﬂ(’ﬂ"0}’0(’“(‘0(16(1“(’0“0}’0%’OC’OC’OC’OC’“C’O‘?O!’O(’O

PPErP.
;;-.out;u's.---

-?CQEX‘"’LE-..-
THE QUTPUT FORMAT

IS ILLUSTRATED BELOW.
' MOOE TABULATION FOR Y=
MOOE 4

OMEGA . VPHSE

T .00800 7 0.33026 -7.01342% 20
00200 0024372 =8.0239E 20

MOOE 2 . ... .. .. o e e
OMEGA VPHSE

«00100 0.55298 <~7.95321Z 10
«60260 0.4232% =1.231082 12

— - ae  eeessee . e e o tree sy

™
-4
o
*

~easPROGRAM FCLLOWS BELOWw=~=-

VARIABLE DIMENSICNINMNG IS USID

~

[+

WRITE (6,11) VI'LD
. 11 FORNAT( iHL
c
C START OF QUTER 00 tOcCP
00 50 TIIsL,MOFNC
c

WRITE (6+21) II

PRINTOUT, THE ONLY FUNCTICA OF TABPRT IS TO PRINT OUT RESYLTS.

100.03 KILOTONS

=3.72139
~4.56028

AMPLTO . FHASE

“2.40U798
- 2430524

DIHENSION %ST(i!'KFIN(i)'OMHCDfi)vV°H00(£)o!ﬂFLTU(lI.“H&SCf!)

TABPRY
TAGERT
TABPRY
TABPRT
TABPRT
TABORT
TAGSRTY
TAB®RT
TABPRY
TABPRY
TARPRT
. TABPRY

TANFRY

Tageey

TABPAT

TAgo. T

ANPLTO PHASE . .Ageey

TABPRT
TABPPT
TABPRY
TARPRY
TABORT
TAReRY
. TABPRT
TAGPRY
TABPRY
TARPRT
TABPRT
TABSRT
TASPRY
* TABPRT
TABPRT
TARPRY
TABPRY
TARPOY
TADFRT
Tapper
Tanenty
TARPRY

*1H 425X +22H400E YABULATION FOR Y=yF 3,2, KILCTONS TAQPRT

TAQPRT

. TaueRY
.. TARART
TA9EAT

TAQORY

21 FORNATI(LH 2//41H ,4X, SHMOOE ,13//, iH vQX’SHQHEGlonpSHVPWSE,9X. TAGPRT

1 GHAMPLTD.AXsSHPHASEY )

KLIKST(ID) ) Yoo
K23KFIN(LII) o

¢
C STARY OF INNER 20 LOOP . e e e

00 S0 J=K1,K2

S HRITE (6,51) OFHCD(J)cGPHOO(J)-A"°LTO(J)'°HASQ(J)

51 FORMAT( 1H +UXsF1lUe5+F1Ue5+1P5145+0PFL4,5)
€ ENO OF Looes
c
RETURN
ENO

TARORY
TAQEOY
TAERPRY
TABART
TABPRT
TAJPRT
TARIRT
TABERT
TASPRY
TABPRTY
TABORT
TABPRY
TABPRT
TABPRY
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X . . X
S 8 SU3ROYTINE TMPTY (TFIRST,TZNO,O0ELTT,ROSS, ™PY 1
] SMOFNDXSToKFINy CHMOD ¢ VPHOD s AKIS s AMPLTD, OHASA, IOPT) T™™PY ]
B .C TMPT ¢SUBROUTINE) T/789/768 T™HPY 3
o B c THPY 4
s c - - ™PY s
4 c ceswpAGSTRACT=eee ™PY 6
3, P - THPY .. 4
s € TITLE - TMPY T™PY 8
. ‘ .¢ CALCULATION AND PLOTTING OF FAR=FIELQD TRANSI:NY RESPONSS TO A THPT 9
23 i ¢ PRESSURE SOURCE IN THE ATMOSPHERE . T™RT 10
A c THRT 11
) ] VYHE QESFONSE OF MOOS N 1S FOUND DY INTEGRATING (AMPLTO & TMPT 12
[ COS( OMEGA * (T = R/YS) < PYASQ) OVER OMEGA FROM¥ OXrOO  THAT 13
. ¢ (KST(N)) TO CFMCO(KFININ)) AND OIVIDING Y SOART(R). VP, THPT 14
] c. PHASTs ANC AMFLTO ARZ FUNCTICNS OF BOTH N ANO OPEGA. TH THPT 15
" c TOTAL RESPONSS I5 THS SUM OF TME MIDAL RESFONSES. THE  THMPT 16
: c RESPONSE [S CALCHULATSN FOR TIMZ TFIRST ANO AT INTERVALS TMPT 17
¢t OF DSLTY THERIAFTER UNTIL TZND IS RZACHED., THE VALUE OF TMPT 18
[ .. 10T CETERMINES WHAT WILL 32 CALCULATED, PRINTED AND TMPY 19
y c : PLOTTED., (SES INFUT LIST FOR POSSIOLE TOPT VALUES.) THE TMAT 20
3 ¢ v RESULTS ARE TAJULATED IN THZ PRINTOUT AND GRAPHEQD BY THE TMOT 24
c ) ¢ CALCOMP PLOTTER, THPY 22
9 c THPY 23
X c THE CURRENT VERSION OF THIS SUBROUTINE OIFFCRS FROM THAT THAT 24
v c . REPORTEC IN AFCRL=70-C1¥4 IN THAT THE RESULTING THECOETI THPT 25
" CAL PRESSURE PSRATURIATIONS INCLUOE THI EATH CUSVATURE  THPT 26
' [ .. CORRECTION FACTORy ( RGBS 7/ { RZ * SIN(RO3S/RE) ) )**0,5 TMPT 2?
¢ T™HRY 28
L C LANGUAGE =~ FORTRAN IV (360s REFSRZNCE MANUAL C28-6515~4) THPY 29
| € AUTHOR o JoHePOSEYs HeIzTie JUNES1268 ™et 30
: c - . - THPT - 3t
c NPT 22
! L~ J e=eelSAGEro- . e e ate THPT 33
‘ c : : TNPY .1
c FORTRAN SUGROUTINE AKI IS CALLCO . .. . THPT s
c . T™™PT 3
5 e CALCOM® PLOTTER SU9SOUTINES FLOTL, AXIS1, NUM321, SYFOLS, ANC THRY 37
| e SCLGPH APE CALLED rD WSITE THZ CALCOMP FAPS, SUAROUTINE MSWELY  THPT 38
: c MUST WAVE 3IEN CALLEC FRI0OR TO CALLING TMPT, AND ENOFLT PUST 9 Ter 39
c CALLED AFTER RETURNIMG FROM THMPT, (SEE MAIN PROGRAM} T™™PY 40
3 ! ¢ : . TMPT 41
, C FORTPAN USEGE THPT 62
~ | c CALL TMOT(TFIRST,TENCsCELTT 085S+ MOFND,KST,KFINsCHNQO ¥R AToANPLT THOT 43
i c 1 ,PHASY,I0PT) . . THPT e
i | c - e e e e THRY u$
| C INPUTS THPTY 46
, c THPT o7
: ¢ TFIQST TIME AT WHICH TABULATICN AND PLGTVTING OF RESPONSE [S TO TMPT 48
f c R%Y4 EEGIN (SEC) . . THMPT 49
! c . . THeT 50
} i ¢ TEND TIME AT AHICH TZJULATICA AND PLGTTING OF SESFONSE IS TG THPT st
! ¢ RoY END (JLEL(TFISST+5L00.)) (SEC? THPT 52
| c ™PT 53
! ¢ DELTY TIME INTERVAL PSTHESN SUCCESSIVE CALCULATIGNS QF THE ™PT St
! ¢ Ry RESPONSE (o GE.1(TSND=-TFIRST)/Z21000)3 (SEC) THRT ss
: c THET 56
' c ROBS DISTANCE OF THE OBSSRVOR FROM THE SOURCE OF THE DISTIIRe THPY s?
c Rey BANCE  (KH) . THPT 58
. c : L . THMPT 59
¢ MOFNO “{MBER CF MOOES FOUND (.LE.10) . THPT 60
c 1y . . T™HRT 61
[ THPRT 62
c XST ELEMENT N OF THIS VECTOS IS NJMAER OF OMHCO ELEMENT WHIC TMPT 63
¢ I*4(0) IS FIFST FRECUZACY COASIDSRZD FOR MGDE N THPT 64
1
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ELEMENT N OF THIS VECTOR IS NUMBER OF OMMCOD ELEMENT WHIC
IS LAST FREQUENCY CONSICEREO FOR MQDE N

ELEMENTS OF THIS VECTOR NUMBERED XSTIN) THROUGH XFIMIN)
ARE THE VALUES OF FPEQUENCY (IN INCRIZASING ORDER)Y FOR
WHICH THE CORRZSPONJING MODE N PHASE VELOCITIES HAVE BEE
DETERNMINED

VECTOP OF PHASE VELOCITIES WHICH CORRESFONO TO THE FRE-
QUENCIES OF VECTOR OMMCOD

VALUES CF AMPLITUNE FUNCTION IN AKI INTEGRAL (ELENMEATS
CORPESPIND CIRECTLY TO ELEMENTS OF CMMOO) (CYNES/CM®+2)

TERM IN ARGUPEMNT GF COS IN AKI INTEGRAL WMICH IS INC;P'N
DENT OF TIME ANC OISTANCE (ROSS)

COMPUTATION ANG PPINT OSTION INOICATOR

% 1420000920 CALCULATE, PRINT AND PLOT MODE NO. ICPT ON

% 11 CALCULATZ, FRINT AND PLOT ALL MODZS AS WELL A4S THE
TOTAL RESFONSE

® 12 CALCULATE ALL MOOESs PRINT AND PLCY TOTAL RESFONSE
ONLY

THE ONLY OUTPUTS ERE THE PRINTOUTS AND PLOTS CALLED FCR RY IORT,
ALL GRAPHS ARE OPAWNN TO THE SAME SCALZ. THE PRESSURE SCALE IS
OETIRMINEC 3Y THE MAXIPUM APFLITUCS OF THE TOTAL PRISSURZ. ANC THE
TIME SCALE IS 600 SEC PER INCHe PRESSURZ IS EXPRESSED IN OYNES/CH

eeceBROGRAN FOLLOWS BELOWee=e

.. - - s - . . o v oo

OIMENSION KSTLLC)oKFINELD) GHMODC1000} »VPMOG(LI0C) ,ANPLTD(L10CO) .
L PHASHILCNG) 9T (10025 o TCTINT(L001) o TNINT (28,2002 oY (2320)
OXMENSION CKI(1030)

DIMENSION AKIS(1900)

€ VAX IS VECTUS OF LITIRAL CCASTANTS, ELIMENT W IS THE-IIGHT SPACE La9
€ FOR THE FRESSURE AXIS ON THZ GRAPH OF THZ MODI N RESPONSE.

Q0URLE PRECISION Yax()Q)
DATA YAX/84 MODE 1 ,2H PODE 2 48K MNOE 3 +8H MODS & LAH MODE S
L 8H MOOE 6 <8H MONE 7 424 MODE 28 ;34 MNGQE 9 4AH MCOE A0/

IF(IoPTY

oNEW 11) GO TO &

WRITE (6,8 .
2 FORMAT (1Hl, 4OX,2IHTACULATION OF RESPONSES//})
WRITE (6,3}
3 FORMAT (4H 220X UHTIME 412X ¢SHTOTAL ¢ 11X +9 6HNMOOE 220K +GHMOOE 2430X,
L O6HMOOS 3J,10X,EHMGDE 4s10XoAHMONE 5/)
& IF(I0PT.2N.12) WPITE(E,753)

753 FORMAT (1H1,45X.LOMTASLLATION OF ACOUSTIC WOESSURE RESPONSE///LH

L WAXGLIHYIME (SEC)+9X,15HP (DYNIS/CM®*+2)/7)

c
C L IS NUMBIR OF TIMSS AT WHICH RISFONSE IS VO BE CALCULATED

L 3 (TENC =TFIRST) /7 C3LTY ¢+ 3
L3NINO(L,999)

c
C SIZE IS THT LENGTH OF THE TIPE AXIS IN INZHES

SIZE = { TEND ~ TFIRST ! 7 600.0

T™PY
THET
T™HPT
THPT
THPT
™er
™PY
THPT
™PY
THPT
THETY
THPT
T™PT
THPT
THPT
THPT
THPT
™PT
THPY
THAT
THPT
™PT
THPT
T™HPT
T™PY
™PT
THPT
THEY
™RY
THPT
THPT
T™MPT
NPT
THPY
™eY
™PY
T™HAT
THPY
T™™PY
TMPT
THPY
™R
™er
THPY
rerer
THRT
THPT
THOT
THPY
THOT
THPT
™PT
THPT
THPT
THPY
THPT
THPY
THOT
THPT
TMPT
THPT
THOT
MO
THRY

107
1Ca
109
1190
11
112
113
114
115
116
117
114
119
120
121
122
123
126
125
126
127
128
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¢ ™PY 129
- C PRESET ALL RESOONSE VALUES TO 0.0 THPY 130
$ 00 7.X31,L . T™PY 138
TOTINT(K) = 0,0 THRT 132
00 7 N=1,10 . T™PT 133
N 7 TNINT(NoK} = 0.0 ™PY 136
¢ THPY 135
€ SET UP TAOGLE OF TIMES BEGIMNING AT TFIRST AND TAKING VBLUES OF TINE A TMPT 136
G INTSRVALS OF OZLTT UNTIL TSNO IS REACHED ) ™Y 137
9 00 10 IT=1,L T™HPY 138
10 YCIT) = TFIRST + (IT=1)¢DELTY L . . THPT 139
c . THPT 140
€ BEGIM SST UP TO CALCULATE FOOS 1 RESFONSE T™HPT 141
Nz} . TMPT 1462
¢ THPT 143
C IF IOPT.LS.10 CALCULATE OMNLY MGDE IGFT RISPONSE THPT 144
IF (I0°T.LS.10) N = IOOT . L ™HPT 145
11 NOST = XST(N) ¢ 1 THPY 146
. NOFR = KFIN(N) - . - - THPT 14?7
¢ . ™MPT 148
€ DEYERMINE THE SARTH CURVATURE CORRECTION FACTOR TIMES ROBS*®(=0,.5). THPT 149
RAD = ROSS 7 6374, THPT 150
; CF = (1./7(6374.%ABS(SIN(RAD))))*40,5 ) .. ™PT 154
c THEY 152
C TME MODE N RESPONSE IS FOUNC FOR ALL VALUES OF T BEFQRE NEXT MOUE IS TMPT 153
C CONSIOERED L. THPT 15%
00 51 IT=i,L R THPT 155
¢ ™PT 156
€ SET A2,°H2 EQUAL TO VALUSS FOR AL.PHY IN rxqsr INTEGFATION INTSRVAL  THPT 157
< J26 = KST(N) THPT 158
A2 = AMPLTD(J26) e — THAT 159
A2 = A2%EXP(~AKIS(J26) *R08S) THPY 160
NHNR = RAD/3.142%926515 . THPT 161
- PHASQCJ26) = PHASN{J2o) + NNHR‘( «1415926535/2.0)0 : THPT 162
. zsonnoo(st)/vcrootazc)-pnnsthzs)/aans e, T™PT 163
SLONST(IT)/ZROAS . T™PT 166
OI00LESSLOH~1.(/VPMOD(I26) R THPT 165
PH22R03S* (OMMCO 1J26) *CICCLE +OUASR (J25) /R0ODS) TMPT 166
PHASO(J26) = PHASQ(JIZE) ~ NHMHR®(3,141532653%/2.0Y ° - T™HPT 167
CTRIG22COS(PH2) . ey 169
STRIGZ2:SIN(PH2) . . } . THPY 169
c THPT 170
C THE INTZGRUL OF (AFPLTO % CCS(OMSGA ¢ (T = ROBS/VO) + PHASTI) OVED TH THPT 171
€ INTERVAL FRCM CHMOO (XST(N)) TO OMMODCIKFIN(NI) IS FOUND 2y SUMMING THE THPT 172
C INTSGRALS FRCM OMMCD(NOM=1) 7O OHMMOD(NOM) FOR NQ® FRCY XSTIN)¢L TQ THPT 173
€ KFININ) T™HPT 176
00 50 NO¥ = NOST,NOFN .. e e ™PT 175
AL 2 A2 T™HPT 176
Pl = PH2 .. .. .. e memmae—n P ™PY 177
CTRIGL=CTRIG2 . Lo . THPT 178
STRIGL3SIRIG2 . o s THPT 179
$1382 . THPT 180
A2 = AFPLTD(NOM)SEXP {«AKIS (NOM)*R08S) e .. ™P? 181
NHHR = RAD/3.1421%926535 THPT 182
PHASQ(AOF) = PHASQ(AOM) + AHWR*(T,1415926525/2,0) . INPT 183
. © §2SOMMCEC (NDM) ZVEFOD (HON) =PHASY (NCH) /ROBS TMPT 184
' DIOOLE=SLOW =140 /VPMOC (AOH) el THPT 185
. PH2EROAS® (040N (NOH)} *CICCLE+PHASRINONM) /ROAS) THPT 186
. i BHASIINOM) = PHASOUNGH) =« NHWR®(3.1415926535/2.0) ™PT 187
1 OMEGLSOMNMON (MOM=1) THPT 188
o OMNEG220FFOD (NON) THPT 189
2 DELPH = £01S * ( SLCW ® ( OMEGZ = OMSGL ) = ( S2 = S1 ) ) NPT 190
. CALL AKICOMZGL,GMEGZ081482+CTPIGE4STIIGL4CTRIG24STRIG2s THPT 191"
. g 1 OELOH,AKIINT) THPT 192
A <
t +4
k=,
3 {
|3

- =

- e e
R
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A DN
0
=T
A T 50 TNINTIN,IT) = TNINT(NoIT) & AKIINT - B (1.1 4 193
A N c . NPT 19%
e € PRESSURE. IS EQUAL TO CF ® ( VALUE OF OMEGA INTEGRAL ) . . TNPT 195
i x S1 TNINT(NoIT) = CF ® TNINT(N.IT) THPT 196
FalE S ¢ T™MPT 197
Y, X € IF IOPT.LE.10 ALL THAT IS REAUESTEC IS THE HODE IQPT RESPONSEs WHICH TneT 198
¥ ; C HAS JUST SEEN CALCULATED THPT 193
» IF (IOPT.LE.10) GO TO 10% ) THPY 200
=) ¢ i ce eemen . . THPY 201
» C INCREAST MODE HUMBER BY ONE . . . THPT 202
N=2N#+Q e ) THPT 203
¢ ™PT 206
C IF N IS GREATER THAN MOFinG, ALL MODAL RESOONSES HWAVE BEEN DETERMINES TMOT 208
IF (NJLEJHMOFND) GO TO 81 THPY 206
; ¢ T™HOT 207
5. C FOR EACH TIMZ IN T SEV TOTAL PRESSURE EQUAL TO SUN OF MOOAL PRESURES TMFT 208
X ‘ 00 60 IT=t,L . e ™PY 209
2 E 00 53 N = 1,MOFND THRT 210
A ! . 53 TOTINTUIT) = TCTINT(IT) + TAINTINGITY . - THPT 211
A B IFCIOPT.EQ. 11) GO TO 55 THPY 212
" | " : THPT 213
. C NRITE TINE AND CORRESPONDING TOTAL ACOUSTIC RESPONSE (QYNES/CHM®*2) THPT 214
WRITE (6454) TCIT),TOTINTLIT) ) THPY 215
) Sl FORMAT (1M +49X4F9.¢2910X,F12.2) : THPY 216
. ‘ e ol ™Y 217
C WHEN IOPT.£0.12 ONLY VOVAL RESPONSE IS PRINTED . T™PY 248
.. IF (I0PT.EQ.22) GO TO 59 U, e THPY 219
' c : ) ™PY 220
: € WHEN IOPT.EQ.11 ALL MOOAL RESPONSES ARE ALSO PRINTED ™PT 224
p $S MM = MINC(MOFND,5) THPT 222
=3 WRITE (6457) IToTCITIoTCTINTCIT) o (TNINT(NSIT? (NZLoNN) THPT 223
$? FORMAT (1M .,,.xu.1ax.r9.1.5x.r12.~.«x.r12.u.sx.rzz.u.ux.rxz.u. THPY 226
s 4 LXeFL2e4e4XeFi2e4) .. o oo e e e THPT 225
$9 CONTINUE : .- - TMPT 226
60 CONTINUE o P THRY 227
IF (MOFND \LE. 5 «ORe ICFT oNE. 11 ) GO TO 65 __ - ™PY 228
. WRITE (6,61) THPT 229
61 FORMAT (1H) 420X +4HT IME +12Xo5HTOTAL o 11X o SHMODE s.zox.annooe 7+10Xe THPT 230
i GHMODE 8+10X,EHMOOE 9+10Xs7THMOCE 13/ THRY 231
00 63 IT=1,L . ™PT 232
63 HRITE (6457) ITHTIITIeTOTINTIIT) ((TNINT CNsLT) oNZS,NOFND) ™eY 233
¢ . THPT 234
65 CONTINUE' e et i e THPT 235
© 88 CALL OL0T(24903¢-3) . ’ h : ™PTY 236
5 € ... SIZE IS THE NUFPER OF SZCONDS PER INCH IN THE PLOT . | T™HPT 237
0 SIZE = AT(L)I=T(1))/600, THPY 238
] IF (I0PT.LE.10) 50 TO 107 * THPT 239
- CALL SCALE(TOTINT,3.0elol) THRT 240
: c AFTER SCALZ °ETUNS, TCTINT(Le1) IS THE PINIMUM VALUE OF THE T™PY 261
3 1 ¢ FIRST L VvaLUES, . . ™PT 242
c TOTINT(L42) IS (MAX=MIN)/3.0 OF THE FIRST L VALUSS GF TOTINT THRT 2u3
c UMIN IS MAX=MIN CF TOTINT ™eTY 26t
- UMINZTOTINT(L32)°3,0 Ce e e - ™PY 245
UMIN = AINT(UMINZ23) * 25,0 THPT 216
. «. UMINZAMAXI(UMIN,25,) ™ery 247
: ¢ AT THIS FOINT DY IS THE TOTAL RAAGE IN TOTINT MOD2S T™HOT 268
. ) OY = ABS(UMIN) .. e T™PT 29
. TOTINT(L42)=0Y/3.0 , : ™PT 250
ov=0Y/3.0 e e e THPT 251
c : . ™er 252
4 € IF IOPT.EQ.12 PLOT ONLY THE TOTAL ACCUSTIC RSSPONSE ™PY |, 253
] IF (IOPT.EN.12) GO TQ 70 THPT 256
c . T™PT 255
i € ORAW PRESSURE AXIS THPT 256
i
2
3 {
] {
i
‘ Vd
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CALL PLOT(Oev0093)

ABC = MOFNO
. CALL-.PLOT(ABC,0442)

00 6% N=1,MOFND

00 67 J=1.L
67 YUJ) = <1 % TNINT(N.)
68 CALL PLOT(Le90ee=3)

[+ X 2

+PLOT ACOUSTIC RIZSPONST (CYNES/CM®#2) OF MODE N VERSUS TIME (SEC)
Y{L+10=0.0 . v e
YCL42ISTOTINT (L+2) .. -
TILeL)=T (1) ot T
TCL+202600. ' e e .
63 CALL LINE(YeTele1+0+0) )

" 70 00.73 J=teL v . -
73 Y(J) = (-1) * TOTINTC(J) . e e

(1 X 1)
3

DRAW PRESSUYRE AXIS e et e em dimie ema s eem e mma S e
75 CALL PLOT(0ee0ee3)
. CALL PLOT (3440402} i meem vt e e e e e . -
CALL PLOT(Le5¢000=3)
CALL NUMBER(49¢=e150415,07+180.40)

‘ " GALL SYMOOL(.%+=ei5+015,"HICROBARS PZR INCH™s1804918)

CALL AXIS(L45¢009™ “91¢SIZE990e4T(1),60040 _ _
CALL SYMRBOL (10892090154 "TIME (SEC)* 9949100
YCL*1) =200 © mrmeme  r ey eomets ame r mmes s e e =
YLL42)ITOTINT(L+2) ..
TLe1) 2T (L) —_— . e e s s ee mm s et t———
. TUL+2)2600.
. CALL LINE(Y Tolyle040) et vo———— ne o — -
CALL PLOT(84¢=e3s=3) .
60 TO 200. . | el . e . - — e

C PRINT HISTORY OF MCCE IOPT CNLY e et m se eem s vmmmmen n s sors o vem -
101 WRITE (6,102) IOFT
102 FORMAT (1HL.45X+19HTAQULATICN OF MODE +I2y 9H RESPONSE///71H +48Xe
2 L0HTIME (SEC)¢9X915HF (DYNZIS/CH**2)/7)
00 103 IT=1,L
103 HRITZ (6+4104) T{IT),TNINTLIOOT,ITY
. 104 FORMAT (1H 449X sF3e1e10X,F1244)
GO TO 66

- a8 v amsa csee v tor

"€ IF 10PT,LT.i1 PLOT OKLY ACCUSTIC RESPONSE GF MaO= IQPT -
107 00 108 J=1,L , - .
108 Y(J)=(=1)*TNINT(IOPT 4 J)

c OETERMINE SCALE FOR FRISSURE AXIS WHEN IOPT.LT.1L .
111 CALL SCALE(Y,2.CeLe3) -
UMINSY (L +2)%2,0
UMIN=AINT (JMIN/25)%2540
UMINZAHAXL(UMING 25,)
QY 3AQS (UMIN)
- ¥eiLe2)=0Y/240

0Yaz0v/2.0
Go v0 75

200 RETURN
; END

THPT
THPT
THPT
NPT
THPRY
THPY
THPT
THPT
THPY
THPY
TMPTY
THPT
THPT
THPT
THPTY
TMPT
THPT
THPT
THPT
THPT
THPT
THRT
THPT
THPT
THPT
THFT
THPY
THPTY
™HPT
T™eY
THPT
T™™PT
THPT
THPT
THPT
™eY
™PT
THPT
™PY7

T™MPT
THPY
THPT
THPT
THPY
THPTY
THOT
THPT
TNPTY
THPT
THPY
TMPT
™PT
T™PT
THPT
THPT
THPT
THPT
THPTY
™PT

257
258
259
260
261
262
263
264
265
266
267
268
269
270
a7
272
273
274
275
276
r444
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
29¢%
295
296
297
298
299
300
301
302
303
06
25
306
207
308
3¢9
310
311
312
313
3
315
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SUSROUTINE TCTINTCOMEGA AKX oAKYoIT oLy XINT,PHIL,PHIZ)'

SUSPCT (SU3ROUTINE)D 7749768 LAST CARDO IN DECK IS
coenAISTRALT cnee
TITLE ~ SusPcr S

EVALUATION CF SUSPICICN INDEX OF ELZMENT (NeM) OF MATRIX INMOO

SUSPCT EVALUATES THE SUSPICION IMDEX. ISUS, OF THE ELEME
IN RONW No COLUMN M OF THS MATR/IX INMODE { (NsM) MUST RE
AN INTERIOR ELEVENT)e THE NSIGHAORS OF (No¥) ARE CEFINE
TO P THE EIGHY ELEMSATS WHICH FORM THME THREE BY THREES
- ELEMENT SQUARE WHICH HAS (NyM) AT IYS CINTER, THIY ARE
‘ NUMBEREQ FROM ONE TO NINE SZSINNING IN THE UFPER LEFT AN
PROCEEDING CLCCKWISE (ACe 1 AND NOs 9 ARE SAME ELEMENT).
EACH ELEMENT OF MBTRIX INMQOE MUST HAVE ONE OF THRZE
VALUESs =1y 3o OR S. (AeM) IS NOT SUSPICIOUS ANQ ISYS =
@ IF ANY ONE CF THE FOLLOWING COMDITIONS HOLOS.

P T

. Lo ELEMENT (M,M) 2 S
+ tvmesiiaet « « .. &0 ANY CF ITS NEIGHSORS = §
3¢ NOWKERE IN THE 3X3 ARRAY OF (NeM) AND ITS AEIGM
; B8ORS COES THERE APPEAR TO BE A DISPERSION CURVE
WITH POSITIVE SLOPE

OTHERWISE ISUS IS SET EQUAL TO THE NYMBER OF THMZ QUANRAN
IN WHICH THE FCSITIVZ SLOPZ APPZARSS., THE QUADRANTS 4l
NUMBEREC BEGIMNING IN THE UPPER LEFT ANC FROCSOING CLOCK
e . WESE. . | .. -

- -

-

ANGUAGE . -~ FORTRAN IV (3€0, REFZRENCZ MANUAL C28-6515<4)

UTHORS = AdDJPIERCE ANC J.POSEYs MaloTee JUNE,1968

»

ccoa|jSAGEemee . Sedembenn s

@t iew e

NO FORTRAN SUBROUTINES ARE CALLEC . .
FORTRAN USAGS

a—— - — o e gabmam e tmra

CALL SUSECT (NeM,NROH o IAMODE ¢ ISUS)
J— . } e e
N 7 ROW NUMBEZR OF ZLEMENT UNDZR CONSIOERATION (MAY NOT €€
I%4. . . FIRST OR LAST RONW) _
n COLUMN NUMBER OF ELEMENT UNBER CONSINERATION (MAY NOV BE
1% FIRST OR LAST COLUMN)
'nagg; TOTAL NUMBER OF ROWS IN INMOOE )

INMOOE MATRIX UNDEP CCNSIDERATION STORED IN VECTQR FURM, CCLUMN
- I%4tDY AFTER COLUMN, SACH ELEMENTY HUST BE =1, Lo OR Se

oUTPUTS Tt
Isus SUSPL: ™ N INOEX OF ELEMENT (NsM)e SEE ABSTRACT AS0VE £O

T I%% OEFId  L(ON.

coceEXANPLES evom

O e e .

" [ -
e e e ez

. - ~ "3 3
T Tt s,

TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TATINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOVINT
TOTINT
TOTINY
TOVINT
TOTINT
TOTINY
TOTINT
TOTINT
TOVINT
TOVINY
TOTINT
TOTINT
TOTIKY
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINT

DERNOWVRSWNI
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e
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C CALLING PROGRAM L "7 TOTINT 65
¢ . L. TOTINT 66
» c OIMENSION INMOCE (9) _ TOTINT 67
4] INMODE = =1y <1, 14 1o =1 14 1o 1o =2 . ... TOTINY 68
c CALL SUSFCT(242,7e INHCGE «ISUS) . TOTINT 69
e HRITE (642900 ISUS L. . . TOTINT 70
€ 200 FORMAT (L0H EXAMFLE 1,EX, GHISUS =,12) TOTINT 7
. c INMODE 3 =l¢ =14 1¢ 3¢ =1+ =19 30 10 ¢ . ) TOTINT 72
c CALL SUSFCT(242,4 3+ INNOCZLISUS) : TOTINT 73
c WRITE (6,300) ISUS . TOTINT 7%
€ 300 FORMAT (10M EXAMELE 2,EXe 6HISUS =2,12) YOTINT 75
cC. .END . . . TOTINY 76
c . TOTINT 7
c THPT (SUBROUTINE) . 2713768 . TOTINT 78
c TOTINT 79
c .o .. . . e - TOTINT as
¢ eecefABSTRACTa=re ) YOTINY 81
c . . .o ... ] TOTINT 82
€ TITLE = THOT TOTINT 83
] _ CALCULATION AND CLOTTING OF FAR-FIELD TRANSIENT RESPONSS TO A TOTINT 8y
c . PRESSURS SOUFCE IN THE ATMOSPHERE TOTINT 8s
e ... .. TOTINT 86
c YHE RESPONSE CF MODE N 1S FOUND BY INTEGRATING (AMOLTO ¢ TOTINT .4
] €OS( OMEGA * (T ~ R/VF) ¢ PHASQ) OVER OMEGA FROM OHFIO TOTINT 1.}
e (KSTCA)) TO OFFCDIKFINEN)Y AND DIVIDING 3Y SORT(RY. VPe TOTINT 89
c.. PHASOe ONG AMFLTO APE FUNCTIONS OF POTH N AND OMEGAs TH TOTINT 90
¢ TOTAL PESFONSE IS THE SUM OF THE MOCAL RESPONSES. THE  TOTINY at
c .. . RESPOASE IS CALCULATEL FOR TIYME TFIRST ANO AT IATZQVALS TOTINT 92
c OF QSLTYT? THEREAFTEIP YNTIL TSHO IS REACHED. THE VALUE OF TOTINY 93
c _10PT OETERMINES WHAT WILL 9Z CALCULATED, POINTED ANC TOTINT g4
c PLOTTED. (SEZ INFUT LIST FOR POSSIBLE I0PT VALUES.) THE TOTIAY 95
€ _ RESULTS ARE TEBULATED IN THMZ PRINTOUT AND GRASHED BY THE TOTINT 96
c . CALCOMP PLOTTES. YOTINT 97
. . : TOTINY 93

T4E CURRENT VERSION OF THIS SUAROUTINE DIFFERS FROM THAT TOTINT 99

REPORYTEC IN AFCRL=T0-0134 IN THAT THE RESULTING THECRETI YOTINT 100
CAL PRESSURE FSSTUFBATICNS INCLUDE THZ EARTH CURVATURE TOTINT 102
CORRECTION FACICRe. ( RCE8S / ¢ RE ¢ SIN(ROAS/RE) ) y**0.5 TOTINT 102

TOTINY 103

LANGUAGE = FORTRAN IV (360, REFERENCE MANUAL C23-6515-4) YOTINT  1CW
AUTHOR o JoW.POSEYs HelcToo JUNE4L1563 YOTINT 105
. o e e TOTINT 106

. _ YOTINT 107
cesalSAGE===" L .o . TOVINT 108

TOTINT 109

FORTRAN SUSROUTINE AKI IS CALLED e . TOTINT 110
TOTINT 111

CALCOM® PLUTTER SUBROUTINES FLOTLs AXIS1, NUMSR1. SYRBLS, ANC TOTINY 112
SCLCPH APE CALLED TO WAITE T4S CALCOMP TAPE. SUBROUTIME NEWFLT  TOTINT 113
HUST HAVE DEEN CALLEC FAIOR TO CALLING THPT, AND ENOFLT MUST SE  TOTINT 1%
CALL:0 AFTER RETURNING FROM THOT. (SEE MAIN OROGRAM) TOTINT 115
A . C e - ) YOTINT 116

FORTRAN USAGE TOTINT 117
CALL THPT(TFIRST,TENC,CELTT2R08S,MOFNOyKSToKFINsCHHCCs'YPHOC,AHPLY TOTINT 118

4  +PHASQ,IOPT) TOVINY 119

e e e e —— en bt e e aradm———in = ve o = TOTINY 120

. INFUTS ToTINT 124

YOTINT 122
TFIRST TIME AT WHICH TABULATICN ANC PLOTTING OF RESPONSE LS T0 TOTINT 123

R%6 BSGIN (SEC) . VOTINT 126

: FOTINT 125

) TENO TIME AT WHICH TAGULATICA ANC PLCTTING OF RESFONSE IS TO TOTINT 126
TOTINT (SUBROUTIME) 1/27768 LAST CARO IN OECK IS TOTINT 127

onoonnnononnonoanoooonononooonp

TOTINT 128

i A T e SR AR
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waweABSTRAGTeeew Tt T TOTINY 155 L
. e e TOTINT 130 - -
TITLE = TOTINT TOTINT 131 3
THIS SUSROUTINS COMFUTES THE TOTAL INTEGRAL YOTINT 132 3
TOTINT 133 4
XINT = INTEGRAL OVER Z FROM 0 TO INFINITY OF - TOTINT 134 i
. FOTINT 135 «
ASCZISCALLZ)*FLLZ) ¢ B2(ZIPF2(L))®e2 {4 TOTINT 135

TOTINT 137
THE ATMOSPHERE IS ASSUMID TO 2€ RIPRESENTED IN A PULTILAYER FO TOTINT 138
WITH B1.A2, AND A2 CONSTANT IN EACH LAYSR. THZ INTEGFAL IS TOTINT 139

T ae pves des s i

TOTINTY 147

HHERE T4Z ELEMENTS CF THE MATRIX A (COMPUTED 2Y SUBROUTINE AAA TOTINT 148
ARE CONSTANTY IN EACH LAYER. TOTINT 149 ,
‘ TOTINT 150 :

THE FUNCTIONS F1(2) AND F2(2) ARE ASSUMED YO SATISFY THE UPPER TOTINT 151 :
BOUNDARY CONDITION THAT 20TH CECREISE EXPONENTIALLY WITH TOTINT 152 !
INCREASING MEIGHT IN THE UPFER HALFSPACE., THE NORFMALIZATION TOTINT 153 :
OF THZ FUNCTICNS IS SUCH THAT AT THEZ LONER SOUNOARY Z0 OF THE TOTINT 156

EVALUATED AS a4 SUM CF INTEGRALS OVER INDIVIOUAL LAVERS. TOTINT 140°
TOTINT 1461 \
THE FUNCTIONS F1(Z) AKD F2(Z) ARS CONTINUONS ACRGSS LAYZR TOTINT 162 i
BOUNGARIES ANC SATISFY THE RESIOUAL EQUATIONS © TOTINT 143 ;
N i ' TOTINT 144 :
OFL1(2)/0Z = ACL.1)%F11ZY ¢ A(L.2)%F2(2) 12 TOTVINT 145 N
OF2(21/702 = AL2,1)%F1(2) + 4(2,2)%F2(2) . (2 TOTINT 146 ‘

!
!
]

UPPER HALFSPACE TOTINT 155 :
— . o . FOTINT 156 !
FL1120)= =SQRT(GI*A(L,2) t3 TOTINT 157 :

F2(2002 SORT(GI®(GHALL L)) . . ] €3 YOTINT 158
. YOTINT 159 ;

TO(INT 160 :
TOTINT 164 ;
G = SQRT(A(1,1)%%2 + A(1,2)%A(2,1) _  _ | te TOTINT 162
TOTINTY 163

THE ELEMINTS 8(I.J) IN EONS. €3) AND (L) ARE THOSE AFPROORIATE TOTINT 164

e HITH e e e s e e et

!
{
!

TO THE UPPER HALFSPACE. IF G**2 IS NIGATIVZE, THZ PROGRAM . TOTINT 165
RETURNS L=ei. OTHERWISE IT RETURNS L=l | | . TOTINY 166
TOTINT 167

PROGRAM NOTES | _ .. i ot o e veeans . e mm e e o - TOTINT 168 ;

TOTINT 169
« THE TNTEGRATICN OVER THE UOGER HALFSOACE IS PETRFORMED SY TOTINY 170
CALLING UPINT. THE INTEGRATIONS QVER THE LAYERS OF FINI TOTINT 17¢

L L L L L LG L L G L L R L N L L e L L L i L o e L e e o e e e i i e e

THICKAESS ARE FSRFORMED BY CALLING ELINT. . TOTINT 172 {
TOTINT 173 :
i - .. THE PARAMZTERS Al1,A2.A3 DEPEND IN GENZRAL ON ANGULAR TOTINT 17%
3 FREQUENCY OMEGA, HORIZONTAL WAVENUMPZP COMPONSNTS AKX TOTINT 175 :
3 . AND AKY, SOUNC SPEEC C, AND WINC VELOCITY COMPONENTS VX TOTIAT 176
: AND VY. THE FCRHMULAS USED ARPE CONTROLLED BY THE INEUT  TOTINT 177 '
3 . PARAMEYER 1T WHICH IS TRANSMITTSED TO SUEROUTINE USSASe  TOTINT 178
! 4 . TOTINT 179 !
3 THE PARAMETESS CEFINING THE MULTILAYER ATMOSOHERE ARE TOYINT 180
p PRESYMEC 3TORSO IN GOMMON TOTINT 181
a . YOTINT 182 .
- LANGUAGE = FOPTRAN IV (260, REFERENCS MANUAL C28-6515-4) TOTINT 183 i
S . . TOTINT 184 o
A AUTHOR = AJOPIERCEe FoloeTes JULY.1968 : TOTINT 185 :
K Lt : TOTINT 1886 §
- ' eeesCALLING SEQUINCE==w- TOTINT 187
- . . TOTINT 189
1 SEE SU3ROUTINE NAHEQE . TOTINT 189 -
1 DIMENSION CIC100),VvXI(100),VYI(L00),HI(L00),P4T2¢400),PHI2¢100) TOTINT 190 :
COMMON IMAX oCIoVXIWVYIohE {THESE MUST BE IN COFHON) TOTINT 191 :
3 CALL TOTINT(OMEGA ¢ AKX yAKY ) IT oL o XINTsPHIL,PHI2) TOTINT 192 :
: :
B .
i .
} ;
- =
3
g g )
} .
3 ' ;
3 ‘ P :

1N -
’
T Lo ax S :
- N L. . R L. - . I
N . - : -
T — e A Triranaray £ad T e~ Lo - ~ —— e - - i
e . . \ e o L8 RN AT ~ - R
s = SRR RIS AT L ey, P S PR AL IR .
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cesaEXTERNAL SUBROUTINES REQUIREQ=we==
ARAA, MMKP,CAT4SAT,USEAS'UPINT,ELINT,8898

AAAA AND BBBB ARE CALLZC 8Y ELINT,
CAI AND. SAI ARE CALLEQ 2y 3883.

*2«aARGUNEAT LISTo=e=

OMEGA R¥4 NO Iie
AKX R4 ND INP -

AKY R ND INP ]

17 1% ND INP -

L I%4 NO our

XINT 184 ND cur .
PHIL Ry 1006 IN®

PHI2 . R 100 InpP

COMMON STORAGE USED ’ R

000030 IDNHHOTADONONHNINAHNOHOO

-— —— e

PR - PP

OIFSNSION ANO COMMCN STATEPENTS

COMMON IMAX+CIoVXIZVYIWHI
IMAX I*h ND INP
cI R4 100 INP .
L 294 R*% 100 INO
vrYl R4 100 INP
HI R&4 100 INP
wonaINPUTSewea
OMEGA ZANGULAR FRENUIMNCY IN RACIANS/SEC
AKX =X COMPOMNENT OF WAVE NUM3ER VECTOR IN KM®#(-}1)
AKY =Y COMPONENT OF WAVE NUYMIER VECTO IN KMe* (-1}
IT ZPARAMETER TIANSHMITTED TO USEZAS OEFINING FUNCTIOMAL
DEPSNDENCE CF A1,82,AT COMFUTED ay UScEAS.
FHIILIY TYALUE OF FL AT BOTTCM OF LAYER I
PHIZ2(I) SVALUE OF F2 AT 30TTCM OF LAYER I
IMAX SNUMEZR OF ATMOSCEHERIC LAYERS WITH FINITE THICKNESS
CI¢1 2SOUND SPEEC (XM/SEC) IM I-T4 LAYER
¥Xiun =X COMPOANEMNT OF WINC VILGCCITY (KM/SEC) IN I-TH LAYER
yrIen =Y COMFONENT OF WINC VILCCITY (KM/SEC) IN I~-TH LAYER
HI(I) . STHICKNESS IN KM OF I-TH LAYER
weesQUTPYTS = ¢ e -
L ..., 21 OR =1 DZIFSMNDING OMN WHETHER UPPSR ZOUNDARY CONCITIO
CAN OR CAMNNOT BE SATISFIEO. SEE SUPROUTINE USIAT
XINT 2INTEGRAL OVER 2 FROM 0 TO INFINITY AS QEFINEQG IN THE

ABSTRACT.

~a=aPROGRAM FOLLOWS B8ELON=we=

cam- e Cmmm e my * rmem rgimens o - . - [

OIHENSION CI(160),VXI{100) 4VYI(100) JHIC100) 4EML2,2)
DIMENSION PHIL{1Gd),FHI2(100)
COHMON IFAX4CIaVXIZVYIGHI .

COMPUTATION CF CONTFIBUTICMA FkOM UPPER HALFSPACE

JEIIMAX+L
CzCI(J)
Vazs¥xXI(J)

—-— - ememee

YOTINT
TOTINT
TOVINT
TOTINY
TOTINT
TOTINT
TOTINT
TOTINTY
TOTINT
TOVINT
TOTINT
TOTINT
TOTINY
TOVINT
TOTINT
TOVINTY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
YOTINT
YOTINT
TOTINT
TOTVINT
TOTINT
TOTINT
TOTINT
TOVINTY
TOTINT
YOTINTY
TOTINT
TOVINT
YOTINT
TOTINT
TOTINY
TOTINY
TOTINT
TOTINT
YOTINT
VOTINTY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTIRTY
YOTINT
TOTINY
TOIINY
FOTINTY
TOTINT
TOTINT
FOTINTY
TOTINT
TOYINT
TOTINTY
TOTINY
TOTINT

L]
193
196
195
196
197
198
199
200
204
202
203 °
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
222
233
234
235
236
237
238
239
2u0
241
242
243
264
2uS
246
L7
2468
249
250
251
252
253
254
255
256
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! YYsvYI(J)

T CALL USEAS(OMEGA JAKXAXY 4CoVX VY TIToAL9A2,A3)

CALL UPINTI(OMEGAsAKX9AKY sCoVXeVYoALgA2 oL oFLoF2oUINT)

CHECX IF L NEGATIVE
IF(L «LT. 0) RETURN

WE OENOTE THE CONTRIZUTION A3®UINT 9y XINT. AS THE COMPUTATION CON-
TINUESes XINY WILL SUCCESSIVILY PZOIESENT THE VARIOUS SUBTOTALS UMTIL
CONTRIBUTICNS FROM ALL THE LAYERS HAVE BSEN ADOSD IN.

XINTZAJ®UINT

02 OO0 OO0

START OF 00 LOOP P
00 90 I=1,IMAX . . : ..
JeIMAXel-]1

.
o C COMPUTATION CF CONTRIBUTIGA FRCM J=TM LAYER OF FINITE THICKNESS.
¢

THE CURRIENT VALUES Fi ANO F2 REPRESENT F1(2) AND FZ(Z) AT TOP OF

€ J=TH LAYER.
C=sCItY)
YX3VXI(JS) . .
VYEVYIOD L L L C Chem e e
HEKI (D) :
CALL USSAS(OMEGA AKX sAKY ¢CoVXeVYeIToAL,82043)
CALL ELINTCOMEGA AKX 9sAKY yCoVXoVToH oFLeF20AL4A2,AINT)
x:nrsxxnronzur-ns

C COMPUTATION CF F1 ANC F2 AFPROPRIATE TO TOP OF (J=1)=TH LAYER
FLi = OHIL(N)

. 90 F2 = PHI2(J)

g END OF 00 LOOP

RETURN
END _

TOTINT
TOTINY
TOTINT
TOTINT

-TOTINT
TOTINT

TOTVINTY
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINT
TOTINY
TOTINT
TOTINY
TOTINTY
TOTINT
TOTINT
TOTINTY
TOTINT
TOTINT
TOTVINT
TOTINTY
TOTINT
YOTINT
TOTINY
TOTINT
TOVINT
TOTINT
TOTINTY
TOTINTY
TOTINY
VOTINT

257
258
259
260
261
262
263
264
265
266

267,

263
269
270
e
2r2
273
2Ts
275
276
217
278
279
280
288
282
283
284
285
286
287
288
289
29¢
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e SUBROUTINE UPINT(OMEGAsAKXeAKYoCoVXoVYsALeA2sLoFLeF24UINT) UPINT 1
4 , c UPINT (SUBROUTINE) 7/25/68  LAST CARD IN DECK IS UPINT 2
¢ - UPINT 3
E ] c .. ccncABSTRACT===e, - o USINT .
s c UPINT s
N, Y . TITLE = UPINT y UPINT 6
: ¢ THIS SUBROUTINE CCMFUTES AN INTEGRAL OF THE FORM 3:;:} :

A ¢ .
2 ¢ VINT = INTEGRAL CVER Z FROM 20 TO INFINITY OF UPINT 3
¢ , e UPINY 10
¢ (ALSFLEZ) ¢ A2°F2(Z))*e2 . (1 UPINT 1
3 ... ... ueINT 12
. c THE FUNCTIONS F1(Z) AND F2(2) ARE THE SOLUTIONS OF THE COUPLED UPINT 13
- ¢ ORDINARY ODIFFERENTIAL EQUATIONS , 3 UPINT 14
S c ) . USINTY 15
| ¢ DF1/DZ = ALLSFL ¢ AL2%F2 . . ... ... ... t2 UPINT 16
L c OF2/0Z = A21%F1 ¢ A22%F2 . (2 UPINT 117
/ ¢ UPINT ° 18
c WHERE THE ELEFENTS CF THE MATRIX A ARE INDEPENDENY OF Z, THE UPINT 19
’ 1 c FUNCTIONS F1(2) ANO F2(2Z) ASE SUBJECT TO THE UPPER SOUNDARY UPINT 2¢
c CONNITION THAT BOTH CICREASE EXPONENTIALLY WITH INCREASING YNy 2L
€ ALTITUDE. SINCE THE PATSIX & IS COMPUTED BY AAAA, INSURING  UPINT -~ 22
c Al242)3=A(141)y BOTH SHOULD VARPY WITH MEIGWI AS EXP("G"(Z-ZUH UPINT 23
1 c. WHERE _ . . _ UPINT 26
: ¢ ' UPINY 25
c . 6 % SORTCA(1,1)%%2¢A(1,2)°4(2410) .. €3 UPINT 26
. c . UPINT 27
¢ IT IS ASSUMED G®*2 IS PCSITIVE. OTHEIRWISE L=-1 IS RETUINED.  UPINT 28
c UPINT 29
c . TME EXPLICIT FORMS ACOPTED FOF Fi AND F2 WHICH SATISFY (2) ARE UPINT go
c UPINT 1
c FL 2-SORT(C)*A(1,2)*EXS(=62(Z=20)) (4 UPINT 32
© 6 F2 = SORT(GI*(G+A(142))PEXP(=G*(Z=20)) _ ' th UPINT 33
‘€ _ e UPINT 34
¢ THUS UINT IS GIVEN ey . UPINT 25
c - o UPINT 36
: ¢ UINT 3((=A1%4(1,2)082%(G+A(L41)3°%2)/2.0 (S UPINT 14
¢ . UPIRT 38
€ LANGUAGE = FORTRAN IV (320, FEFERENCE MANUAL C22-6515-4) UPINT 39
€ AUTHOR = AeDJPIERCZy MeloTeo JULYL4958 . UPINT Lo
c - UPINT 61
c ¢ e===CALLING SENUENCEw==~ . . UPINT w2
c : UPINT 43
€ SEE SUBROUTINE TOTIATY - e UPINT b
€ NO DIMENSION STATIMENTS FECUIRZD UPINT “s
c CALL UPINT(OMEGAJAKXsAKY CoVXsVYeAL¢A2¢LoFL,F2,UINT) UPINY 46
¢ UPINT 47
c .. .. w=eeEATERMAL SU3ROUTINES REQUIREQ=~e= UPINY “8
c UPINT w9
¢ BARA . i ee e UPINY 56
c UPINY 54
e € ot e e . ®>==ARGUMEAT LISTee== UPINT 52
c UPINY 53
C. oOMEGA R*4 NO  INP UeINT st
: 3 AKX R%  NO  INe UPINT ss
. C  AKY .. %% ND INP UPINT 56
' c c R% NO  INP UPINT 57
.C . R*% NO INP UPINT 58
¢ vy R* NO  INP UPINT 59
.C AL .. R% NOD INe UPINT 60
. c a2 R* NO  IN° USINT 61
.. It  ND  oOUT UPINT 62
i c (23 %4 NO out UPINT 63
1 c L] R* NO  OUT UPINT 64

P S [P C v eyt epbou Pt
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g UINT R* NO ouY
€ NO COMMON STORAGE USED
e . e e
g cocaINPYTSecea
c OMEGA =AKGULAR FRZCQUENCY IN RAGILNS/SEC
c . AKX =X COMPONENT OF WAVE NUMAER VECTOR IN KM*¥(-1)
c AKY Y COMPCONENT OF WAVE NUMIER VECTOR IN KH*®(~1)
c .C . =SOUND SPEED IN KM/SEC
c v =X COMPOMNENT OF WINC VELOCITY IN XM/SEC
c | A A sY COMFOMNEANT OF WINC VZLOCITY IN XM/SEC
c (33 SCOEFFICIENT OF F1(2) IN INTEGRAND
g . A2 .. ... ZCOEFFICIEMT OF F2{Z) IN INTEGRANO
¢ . ar... =eecOUTFUTS==e-
[+ L . 88 OF =3 CEFZNOING CMN WMETHER UPPER QOUNDARY CONCITIO
c OF F1(2),F2(2Z) DECREASING EXPONENTIALLY WITH INCREAS
c HEIGHY CAN 09 CANNOY B8E SATISFIZOs IT REPPESINTS TH
c SIGMN OF G**2 WHERE G-IS DIFINEC IN THE ASSTRACT.
c [ 3 S EVALUE OF F1(Z) AT SCTTOM OF HALFSPACZ. DEFINED AS
c «SOOT(G)I*A(142) FROM ZNHe (LA),
c 2 ., SVALUS OF F2(Z) AT EQTT '™ OF HALFSPACE, BEFINEOD AS
c SCPT(G)*(G+a(1.11) FROM ENN, (4B)
c UINT =THE INTEGRAL DEFIMEC BY EQNS. (1) AND (5) IN THE
c ABSTRACT
c - . Wiae s ceen . e awle 4 —r -t
-4
g ~~==PROGRAN FOLLONS BELOW=w=e .
¢ .
c OIMENSION AC2+2) .
€C COMPUTATION OF A MATSIX AND CF X=882
. CALL AAAA(OMEGA AKX - AKY 4 CoeVXaVYoAY teer e e h e h e
XxA(1e1)%%2+A(1,2)%4(2,1)
€ CHZCK ON SIGN OF X o e mvaemr a
2 IFC X +GT. 0.0 ) GO YO 3
c - . ‘e
C X IS NEGATIVE
Ls=} .- -
RETURN :
€ CONTINUING FROM 2 WITH X PCSITIVE N )
3 L=} :
G3SART (X) e o e emime e vm——— et e+
GRT3SQAT (G) _
FL3=GRT*A({41,2) et e e emntem et oo
F23GRT*(G+A(1,1))
€ COMPUTATION CF UINT s -
UINT2(-A1%A(1,2)+A2%(G+A(1,1)))%%2/2,0
RETURN .. . R,
- ENO

UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
USINT
UPINT
UPINT
UPINTY

UPINT .

UPINT
UPINY
UPINT
UPINY
UPINT

UeIN

UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
YPINT
UPINT
UPINT
UPINT
UPINT
VLINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT
UPINT

65

67
68
69
70
71

73
T

76
77
78
79
80

a1 .

82
a3
L1
85
66
.14
88
89
9
a1
92
a3
P
95
96
97
98
99
100
101
12
103
104
105
166
107
10s
109
110
1
112
113
114
115
116
117
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e s e e

e e rm—

L e A P P v



AS TR R LS &
7 L

i

oz s o

-175-

p SUBROUTINE USEAS(OMEGASAKX ¢AKY ¢CoVXoVYsIToAL,A2443)

USEAS (SUBROUTINE)
ccaspBSTRAC Tovea
TITLE = USEAS B

——

7725768  LAST CARD IN OECK IS

LR TN -

THE PURPOSE OF THIS SUBROUTINS IS TO COMPUTE THS NUMEERS Al, A
AND AT KHICH CEFZAC ON ANGULAF FRZQUENCY OMEGA, HORIZONTAL WAV
.. " NUMBER COMPCNENTS AKX AND AKY, THE SOUND SPSED C, AND THZ WIND
SPEED COMPONENTS VX AND VY, THE INTEGER IT DETERMINES WHICH
FORAULAS ARE USED FCR Al, A2, AND A3 ACCORIING TO THE FOLLOWIN
TABLE
an ALy . (a2) (a3
1 1 (] 1
SNUISUITUUIIE SOOI : BUSUOUIE SN
1 ) BOM® (KOOTV) Z(C¥*2%K)
TN ST SUDSTR BOM/CY*2 C - -
s 1 [ ' YXSBOM/C**2
R T 1 0 VYsgOM/Ce2  _
7 ¢/C ~C KSOMEGA/BOMS3
e B, G/C _ “C . . 1.0/80M%e2
) 6/¢ -C K**2/80M%+3
.. 10.. .. G/C -C. VXSKS42/80K%3
o 11 G/C -C VYSK®#2/80H%*3

.

000D ONOONNNONNNDNDNONNNONODNNONNNONNNOOHODNODNNNOOOOD0D

LANGUAGE
AUTHOR

NC

Iv=

HERE BOM=OMEGA~KDOTV 1S THE OOPPLER SHIFTED ANGULAR FREIUENCY,
KDOTVTAKX*VX+AKY*VY [S YHE 00T @WODUCT OF WAVE NUMBER WITH

THE WIN) VELOCITY, ANC X=SR2T(AKX®**248KY®*2) IS THE MAGNITUOE
OF THE WAVE NUMSER VECTOR, THZ ACCZLERATION OF GRAVIYY G IS
TAKEN AS .009% KM/SZC®*2 IN THE CIMPUTATION. CONFUTED VALUES
SHOULD 8E IM XH4SEC SYSTEM CF UNITS, .

« FORTRAN IV (I80, REFZRENCE MANUAL C23-6515<4)
= AeDJPIERCEy MeloTae JUNEL1968

" aemeCALLIAG SENUENCE==w=

.
= e e e -

SEE SURRQUTINE TGTINT

OIMENSION STATEMENTS ARE REQUIRED

CALL USZASIOMEGA AKXy AKY sCoVXeVYoIToALvA2,43)

A1,A2,A3 ARE NOW AVAILABLE FOR FUTURE COMPUTATIONS
NO EXTERNAL LI3RARY SUJRCUTINES ARE RENUIRZO
eeeeARGUMENT LISTwwee

OMEGA R4 ND INe

AKX R4 ND INP

AKY Rey ND INB

c . R NO L)

VX - R%4 ND INP

vy “R%4 ND e

1T Iss ND INO

AL R%G NOD our

A2 R4 ND our

A3 R*s ___NO  OUT

NO COMMON STORAGE USED

coaslINPYTS o=

useis
USEAS
USEAS
USEAS
WSEAS
USEAS
USEAS
USEAS

USEas |

USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS

USEAS:

USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
yseas
USEAS
USEAS
“EAS
Usess
USEas
USERS
useas
USEAS
USEAS
USEAS
USEAS
USEAS
Useas
USEAS
USEAS
USEAS
USeas
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
USEAS
UStAS
USEAS
USEAS
USEAS
USEAS
USEAS
UsEAsS
USEAS
USEAS
USEAS

-
SO BNOWVE LN
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¢ OMEGA =ZANGULAR FREQUENCY IN RAO/SEC ' " USEAS 65
c AKX =X CCMFONEAT OF WAVE NUMEER VECTOR IN KM®(<1) USEAS 66
c AKY _. 2Y CCHMPONEAT OF WAVE NUMBER VECTOR IN KM®®(-31) USEAS Y 4
e [ SSOUND SPESD IN XM/SEC USEAS 68
c. ¥ .. =X COMPONENT OF (IINC VELOCITY IN KM/SEC USEAS 69
¢ vy 2y CCMPOMEAT OF WINEC VELOCITY IN KM/SEC USEaS 70
c b ¢ SCCATROL PARAMITER FOR SELECTION OF FORNULAS (SEE USEAS 7
¢ ARSTRACT) « USEAS 72
[ - - e e i USEAS 73
c . OUTFUTS USEAS 7%
c . e USEAS 75
¢ aL SPARANETER OZFINEN SY FORMULAS IN ABSTRACT USEAS 76
c a2 SPARAMETER CEFINED 8Y FORMULAS IN ABSTRACT USEAS 144
¢ A3 SPARSNETER DIFINED 3Y FORMULAS IN ABSTRACT USEAS 78
¢ e . i ) . . USEAS 79
c S e . USEAS 80
c . mreeeeeer . . we=ePROGRAR FOLLOYS BELOW=we= _ = USEAS 81
¢ ‘ ) USEAS 82
c Cme e et e e e e et USELS a3 :
¢ : . USEAS o -
C WE ASSIGN VALUSS YO A1,A20AY WHICH WILL NOT NECESSARILY BE THEIR EXIT USEAS 85 E
€ VALUES. USEAS 86 !
A1=1.0 ot et me v e ameav = amm—— s rmebaates o f oot o USEAS &7 3
A2s0.0 . . USEAS 1) ]
A3=1,.0 - e o e e e USEAS 89 §
€ IF IT IS 1, THESE ARE CORRECT, MOWEVER. . USEAS 90 2
IFLIV .EQ. 2) RETURN . . OO, USEAS 9 - i
IFLIT «GT. 2) GO TO 200 . USEAS 92 s
¢ - USEAS 93 :
C IT IS 2. THE CURRENT VALUES ARE 1+0.1. WE CHANGE TME FIRST THO. USERS ai :
A120.0 ) ySeas 95 b
A221.0 . . USEas’ 9% :
) RETUPN . . . .. - USEAS 97 :
c° - . USEAS 98 !
€ IT IS .GTe 2. WE COPPUTE SOME CUANTITIES FOR FUTURE REFENENCE Usees 99 ;
© 208 AKVIAKXSVYX+AKYSYY . USEAS 100 4
“AKSQEAKX*42+AKY+42 e e e - USEAS 104 :
BOMEOMEG A=AKY - useas 102 ]
. AK3SQRT{AKSQ) e v b evmem e USEAS 103 '
€ THE CURRENT VALUSS OF A1,A2,A3 ARS STILL 140,31, USERS 104 X
: IFLIT «GTe 3) GO TO 300 e e e USEAS 105
¢ . Ussas 106 “
€ IT IS EQUAL TO 3. OKLY A3 AEED BE CMANGED. . USERS 107 ;
< AZZBOM®AKY/ (C**2%4K) . USEAS 108 Y
..:. -RETURN e . USEAS 109 :
r ¢ USEAS 110 ;
€ IT IS & OR GREATER., WE SET A3 TO VALUE APPROPRIATE FOR IT3l, useas 11 :
300 A3280M/Ce*2 USEAS 112 :
A € THE CUIRENT VALUES OF AL AAG A2 ARE 1 AND O. .. USEAS 113 .
4 EFUIT oEQe L) RETURN il . USEAS 116 .
- TF(IT +EQ. 5) AZ3VX*A3 o i USEAS 115 5
g‘ IFCIT «EG. 6) A3zvysal . USEas 116
3 . IFCIT JEQe 3 +ORe IT «£Ce 5) RETURN - - oL . USEAS 117 |
¢ ) . - .o USEAS 118 ;
€ IT IS 7 OR LARGER e e c USEas 119 ;
. A12,0098/C ST T . USEAS 120 ;
- ; ’ A239C | i el e e i T e USEAS 121 -3
. ¢ : USEAS 122 :
| C THEZ ONLY QUANTITY WE NEED CETERMINE IS A3 USEAS 123
! c - USEAS 126 :
! . IFCIT «GT, 7) GO TOo 700 USEAS 125 L
: ! c 1=y - USEAS 126 i
3 ! A3=AK*OMEGA/0OM®*3 USEAS 127 g
3 . RETURN USEAS 128 ’
2 . :
I" :E
B :
E’ €
i
- !
| K .
k. L . R i e . L e i e . ”5
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c useas 129
" 700 IFCLIT GT.9) GO TO 800 USEAS 130
C tr=s USEAS 131
A334,0/80M*%2 - USEAS 132
RETURN | USEAS 133
¢ USEAS 134 4
. C FOR IT39,40,11 WE NEED THE FACTOR AKsQ/90mes3 USEAS 138 ;
800 AI=AKSO/00M+*3 USEAS 13 )
IF(IT .EQ. 9 RETURN USEAS 17 :
IF(IT .GT. 10 GO TO 1300 USEAS 138 :
C 17210 . USCAS 139 ;
A3sVxeA3 USEAS 140 “
RETURN e e USEAS 141 “
¢ USEAS 162 :
C 1713 (YOU SHOULON~T INFUT 1T FOR VALUES OUTSIOE RANGE OF L TO 1l.) ° USEAS 143 ‘
1000 A3=yvea3 USEAS 144
RETURN, USEAS 148

END USEAS 146

e e - » —
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SUBROUTINE WIDEM(OM, Vo INMODE JNOMoNOMPoNVP o Ny Kiy THETK)
WIDEN (SUBROUTINE) 6719765  LAST CARD IN OECK IS
“eemABSTRACT eaee

WIOEN
Nie3

LANGUAGE -
AUTHORS -

THE ONLY
SERIES

INFUTS

oM
R*4(0)

v
R (D)

INMOOE
I%:(D)

NOM
I%s
NvP
%% ..

Nt
I*4

KW
%4

THETK
R*%4

ouTePUTS

TETLE = MICEN

MATRIX INMODE 8Y ADDING XW COLUMNS SZTHWEEM COLUMAS AL AN
WIDEN ACOS KW ELEMENTS TO THE YECTOR OF ANGULAR FRECUENC
OM » CIVIDING THME INTEQVAL BETHWEEN OMINL) ANO OM(NL1el) I
KN+1 EQUAL FARIS, FOS SACH NZW ANGULAR FREOUSNCY, A NIH
COLUNMN IS ALOSC TO THE INMOOE MATRIX (DSFINED IN SUG®OU-
TINE MPQ0UT)s INMOCZ IS STORED IN VECTOR FQRMe COLUFMN AF
COLUMNN,.

FORTRAN IV (360¢ REFERENCZ MANUAL C28-6515+4)
AcDPIERCE ANC JoPOSEYs MaleToeo JUNE,19E3

- . @ " e e . L

cocnljSAGEvena .

QM ¥V, INMCDE MUST B2 CIPENSIONZED IN CALLING PROGRAM .

SURBROUTINE CALLZD IS NMCFNe DESCRIBED ELSEWHERE IN THIS

“e o . s Coert s = e

FORTRAN USAGE
CALL WICENCOMeVsINHOOE ¢ NOMIHONP NV PINLoKH o THETKY

VECTOR WHOSE ELEMENTT ARE THE VALYHES OF ANGULAR FREGUENC
CORRESPONGING TC THE CCLUNMNS QF HATRIX INMODS. (RAQ/SEC)

VECTOR WHOSE ZLEMENTS ARS THE VALUES OF PHASE VELCCITY
CORRESPCNOING TC THZ RCWS OF MATRIX INMCOE, (KM/SEC)

EACH ELEMZAT OF THIS PATRIX CORRESPOKNS TO A POINT IN TH
FREQUENCY (OM) = PHASE YZLOCITY (V) PLANE. IF THI AORMA
MOOZ DISPERSICN FUNCTION (FFP, FOUND 8BY CILLLING SU3ROUT!
NHOFN) I3 POSITIVI AT THAT POINT, THS ELEMENT IS ¢1, IF

FPP IS AZGATIVE. THE FLEMENT IS ~14 IF FFP OGES NOT £XIS
THE ELEMENT IS S. INMODE IS STOREDQ IN VECTOR FORMe COLU
AFTER COLUMN,

NUMBEFR OF ELEPENTS IN OF (AND NO. CF CGLUMNS IN TNMODE)
WHEN WICEN IS CALLED. . .
NUMBER OF ELEMENTS IN V (ANO NO. OF ROWS IN INMOCZ).

- " = eew - vae A et e ey asteennm s osan e wane

NUMBER OF INNMCOE éOLUHN IMMIDIATELY LEFTY OF SPACE IMN WHI
NEW COLUMNS AREZ TO BE AOQDEO0.

s m— s e P e ——— e —— .

NUMBER QF COLUMNS TO BE AODED TO INMOOE.

PHASE VELCCITY CIRECTICN MEASURED COUNTER~CLOCKHISE FROM
X=-AXIS (RADIAAS).

- P I L e -tea s+ av e

THE OUTFUTS ARE NOMP (3 MCM ;.KH = THZ NEW NUMIER OF ELEMENTS IN O

NICEN
HIQEN
WIDEN
WIDEN
WICEN
WIOEN
WICEN
WIDEN
WIDEN
WIOEN
WIDEN
WICEN
WI0EN
WIDEN
WICEN
WIOEN
WIDEN
WIDEN
WIDEN
HIDEN
NIDEN
RIOEN
HICEN
WIDEN
WIDEN
HIOEN
NIOEN
WICEN
NIOEN
WIOEN
WICEN
wroen
WICEN
HIGEN
WIDEN
WICEN
WIDEN
WIOEN
WIOEN
WIDEN
WIJEN
WIDEN
WHIO0EN
WIDEN
WIGEN
WIDEN
WICEN
WIODEN
WIDEN
WIDEN
HIOEN
MIDEN
HIDIN
WIOEN
WIDEN
WIDEN
WICEN
WIDEN
WIDEN
WIDEN
WIDEN
WIDEN
WIDEN
WIDEN

O ENPWE N
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AND THE NEW kUNSER QF COLUMNS IN IMMOOE) AND REVISED VERSIONS OF 0
AND INMOOE.

EXAMPLE e a4 et

SUPPOSE OM = 1,0924093.0 AND WICEM IS CALLEOD WITH KW = 3, ANO N1 =
29 THEN UPON RETUSN TO CALLING PRCGRANe 0M = 1,092+092:425+24592475
3,00 NOMP .z 4 AND INMCOE WILL HAVE THREE NEW R0HS CORILSFONOING T

CO000DDOO0OO00O0

THE NEW ELEMENTS OF oM.

s
ey ceasPRIGRAN FOLLOWS BELOW==we

Cme e e 7

VARIABLE DIMENSIONING L
QIMENSION OM(1}4V(1),INMODE(LY
COMNON IMAX,CIC(L10Q)VAICL00),VYI(I20)oHIC200)?

INTERVAL AT WHICH NEW VALUSS OF CHM ARE BE PLACZD SETWEEN OMINLY AND
OM{NL+L) IS OETERMINCO
DELOMZ(OM{NL#1) =CMINL) I/ (KH4L) - “ -

NONP IS NUMBER OF ELSMENT IN EXPANDEZ ON | | . ‘-
NOFPENOK KW

NSTART 1S THE NUMRER OF THE ELEMENT IN THE NEW OM WHICH COORESPONOS T

ELENENY Niel IN THE CLD CM VICTOR
NSTART2aNL+L+KNW

HOVE ALL ELEMENTS CF OM BEYCAD ELEMENT N1 TO THEIR NEW FOSI&IONS. BEG

NING WITH THE LAST ELEMENT .. . . . .
00 90 NJZNSTART,AOMP )
JENOHP«{NJ=NSTART) e e ..
JOLOSJ=KH Do

MOVE COLUMN JOLD GF INMOGE INTO POSITION FOR COLUNN J
oMeJ) 304 (JOLD) . i e '
00 90 IPzi,NVO .
IJ2(I=LI2NVP+IAY3=IP) ¢ 1 e e vee
IJOLO3(JOLN=1) SAVP+ (AVE~1P) + § .
INMODE (1J) =INMCCE(IJ0LE) . B U S
90 CONTINUZ

NSTART IS NUMBZIR OF FIRST MEW COLUMN . :
NSTART3IN1¢} — - . e

NEND IS NUMBER OF LAST NEW COLUMN e et e
NENDZN14KH : :

NEW VALUZS OF OM ARE ESTABLISHE
OMEGAZOM(NL) e e — ‘e v
00 190 J=NSTART,AEND . T
OM(J)TOMEGA ¢ OELOM . o et b s = 1oy e e ©
. OMEGA = OM(J) o .
00-290 IZLWNVP . . | L e e
IJ IS NUM3ZR OF ELEMINT IN VECTOR REFRESZNTATION OF INMODE WHICH IS
ELEMENT J IN ROW I OF INFOOE
10z (J=1)"NVos] . e a
* YPHSE=V(1)

CALL- NMOFN TO SVALUATE THE NORPAL MOOE OISPERSION FUNCTION (FFo)

WICEN
WIOEN
WIDEN
WIOEN
WIDEN
WIOEN
WICEN
WIDEN
WIDEN
WIDEN
WIDEN
WICEN
WI0EN
WIOEN
WICEN
WIOEN
WIDEN
WIOEN
WICEN
WICEN
WIDEN
WIDEN
WI0EN
WIDEN
WIGEN
WIDEN
WIDEN
WICEN
WIDEN
WIDEN
WIDEN
WIOEN
WIOEN
WIOZN
WICEN
WIOEN
WIDEN
WICEN
WIoEN
MIDEN
WI0ZN

" NIOEN

WIOEN
WIOEN
KICEN
WIDEN
WIi0EN
WICEN
WI0EN
WICEN
WIDFN
WICEN
WIOEN
WIOEN
WIOEN
NIOEN
NIDEN
WICEN
WIDZN
WICEN
WICEN
WICEN
WICEN
WIDEN

55
66
67
638
69
70
71
72
73
Th
75
76

78
79
80
L3
a2
83
84
8s
86
114
.1}
89
90
91
92
93
9%
95
9%
7
98
99
100
102
102
103
104
108
106
107
108
109
110
111
112
13
116
115
i1
117
118
119
120
124
122
123
126
125
126
127
128
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CALL NMDFNCOMEGA JWPHSE o THETK Lo FEPsK)

C IF FPP DOES AOT EXIST L = -1
IFC L +EQ. =1 ) GO TO 150

c IF FPP DOES EXIST L = 1 AKD INFODE(IJ) = (FPP/ABS(FPE))

INMODE(IJ) = &
IF (FPE,LE.0.0) INMODE(IJ) = 8
GO TO 180

150 INMODE(IJ) =S

180 CONTINUE

190 CONTINUE
RETURN
ENO

WIOEN
WICEN
WIDEN
WIOEN
WIDEN
WIOEN
WIOEN
UIOEN
WIOEN
NIOEN
WIDEN
WIOEN
WIODEN
WIO0EN

129
130
131
132
133
136
135
136
137
138
139
140
161
162

" w b e ra s

2ur

w,
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k¢ ,':4' ¢ ."
) k APPENDIX B
L 4 -
CH S . *
SO B SOURCE DECK LISTING OF
1. AN ALTERNATE VERSION OF SUBROUTINE TABLE

This version of SUBROUTINE TABLE is used, as described in Chapter III
1 of the present report, to tabulate listings of R11 and R12 versus angular
frequency OMEGA and phase velocity VPHSE which are used in calculating the
. | parameter o and B for the GRO and GR1 modes which in turn are used in

3 ‘ calculating the valuves of the imaginary component kI of horizontal wave-
number for these modes at frequencies below cutoff. This version of

TABLE should replace the version in Appendix A when a tabulation of R11

. and R12 is desired.

Eibaddine 4

DT
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SUBROUTINc TABLE(OML,OM25V19 V29 NUNINVP yTHETKs OMeVy INMODESNUPT)

o\

TASLE (SUBROUTINE) 7719768 LAST CARD IN DECK IS NO.

ceecAESTRACT ===~

VITLE - TASBLE
GENERATION CF SUSPICIUNLESS TABLE OF NORMAL MODE DISPERSION
FUNCTION SIGNS
TASLE CALLS SUBROUTINE MPOUT TO CONSTRUCT THE MATRIX OF
NORHMAL MOOE DISPERSIOM FUNCTLON SIGNS INMODE (STORED IN
VECTOR FOrM COLUMN AFTER COLUMN) FOR. ReGION IN FREWUENCY~
PHASE VELOUCITY PLANE (OM1.LCoOMEGALE+OM24ANDVL4LEVPLE
eV2le SUBROUTINE SUSFCT IS CALLeD TC EVALUATE THE SUsSPl-
ClOM INDEX +ISUSy OF EACH INTERIOR ELEMENT IN THE MATRIX -
. SCANNING FROM LEFT TO RIGHT, YOP TO 8OTTOM. IF ISUS .NE.
0 + IKMODE IS ALTERED AS FOLLONWS.
ISUS=1 ROW ADDED ABOVE SUSPICIOLS ELEMENTY AND COLUMN
ADDEU TO ITS LEFT
=2 COLUMN ADCED TO RIGHY OF SUSPICIOUS ELEMENT:
AND KOW ADDED ABOVE IV
=3 ROW AUDED BELOW SUSPICIOUS ELEMENT AND COLUMN
ADDED TC ITS RIGhT
=4 COLUHN AJUEU TO LEFT OF SUSPICIUUS ELEMENT
AND KOW ALDEU B82LOW IT
HOAEVERy NEITHER THE MUMBER OF ROWS NVP NOR THE NUMBER OF
COLUMAS NOM WILL BE INULREASEU BEYOND 100. IF ISUS CALLS
FCR AN ADDITIONAL ROW WHEN NVP = 160 » THE MESSAGE
{NVP = 160 h = XX M = XX) WltLL BE PRINTED.
N IS ROW NO. OF SUSPICIOUS ELEMENT. ¥ IS COLUMN NQ. IF
ISUS CALLS FOR AULDITIUN OF A COLUMN WHEN NOM = 100, THE
NMESSACE (NOM = 106C . N = XX M = XX) IS PRINTED.
WHEN INHOU: HAS BEEN EXPANDZD SCANNING IS RESUMZu AT THE
ELEMENT IN NEW MATRLIX WITH SAME ROW AND COLUMN HUS. AS
THOSE OF SUSPICIOUS ELEMENT IN OLO MATRIX. IF NUPT 1S
PCSITIVE INMGOE WILL £E PRINFED AS IT IS RETURNED FROM
MFUUT AND IN ITS FINAL FORM.

LANGUAGE - FORTRAN IV (3060, REFERENCE HANUAL =~ (28-6515-4)

AUTHOR - J."'PCSEY' "oIoTc' JUhEcl%B

~e=eUSAGE===~~

SUBROUTINES MFCUTsSUSPCToLNGTHN WIDEN, NMDFN ARE CALLED IN TABLE.

FORTRAN USAGE
CALL TASLE(OM140M29V1sV21NURINVPsTHETK UMV INMNODE+NOPT)

(2NNl Nel s e N o NN s N N e N o N e e e N e Ny N N o R N s e N e N s N e Ny N Ny N e N N e N s N N e N s R e N N 2 R s Y s N s N 2 N N s N e X 2 N N e Ty N e N X 2 X )

INPUTS
: oM HINIMLM VALUE OF FREQUENCY TO BE CONSIDERED.
- R* 4
0M2 MAXIMLM VALUE OF FREWLENY TO BE CONSIUERED
R4
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vi
R¥4
ve
R¥ 4
NOM
144
NVP
I+4
THETK
R¥Y4 .
NOPT
I*4

ouUTPUTS

NOM

1%
NvP

I*4
o

R¥4 (D)

v
R*4 (D)

INMOBE
I*4 (DY

VPHASE

1.00009
2.00030
3.00000
4.00000

OMEGA

OMEGA =

-183-

MINIMUM VALUE OF PHASE VELOCITY TO BE CONSIUERED

MAXIMUM VALUE OF PHASE VELOCITY TO Bt CONSTOERED

INITIAL NU. OF FREQUENCIES TO BE CONSIDERED

INITIAL NO. OF PHASE VELOCITIES VO BE CONSIDERED

PHASE VELOCITY DIRECTION (RADIANS)

PRINT OUT OPTION. IF NOPT = -1, NO FRINT, IF NOPT.= 1,

INMOCE IS PRINTED IN ITS INITIAL FORM (GENERATED 8Y MPOUT)
AND IN ITS FINAL FORH,

TOTAL NO. OF FReQUENCIES CONSIDERED
TOTAL NO. OF PHASE VELOCITIES CONSIDERED

VECTOR WHOSE ELEMENTS ARE THE VALUES OF ANGULAR FREQUENCY
CORRESPONDING TO THE GLOLUMNS OF THE INMOUE MATRIX

VECTOR WHOSE ELEMENTS ARE THE VALUES Cf PHASE VELOCITY
CORRESPONDING TO THE ROWS OF THE INMCGE MATRIX

EACH ELEHENT OF THIS MATRIX CORRESPONDS TO A POINT IN THE
FREQUENCY (OM) — PHASE VELOCITY (V) FLANE. IF THE NORMAL
MO0z CISPERSION FUNCTIGCN (FPP) IS POSITIVE al THAT POINT,
THE ELEMENT IS ¢1, IF FPP IS NEGATIVE, THE ELENENT IS ~1,
IF FPF DOES NOT EXIST, THE ELEMENT IS S. INMOOE HAS NVP
ROWS AND NOM COLUMNSs MATRIX IS STORED AS A VEGTOR,
COLUMM AFTER COLUMN,

e==cEXAMPLE====

LET INMODE = ~1+95+595019=1y=19=19lris=19=191s1y1yt

HITH NOM = NVP = 4
AND O = 14091542405245 THETK = 3.,1415%9
V = 1.002.003e04440

(VALUES NOT CURRECT, FOR ILLUSTRATION ONLY)

THEN THE TABLE WILL BE PRINTEC AS FOLLQOWS.

NORMAL MODE OISPERSION FUNCTION SIGN
X X:
X=+t
X==t
X==+

1234 .
PHASE VELCCITY DIRECTIOMN IS 90,000UZGREES

0.10000€ 01 0.,15000E 01 0.20000E 01 0+.25000e 01
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=~e=FROGRAM FOLLCHS BELOW=w~--

ﬁIMENSION 0M€103), V(1C0) 4 INMODE (20000) yDORN{1008),KORN(100)
OIMENSIGN PPP(2,2)

. CUMMON IMAXsC1(200)VXI(1GO0) VYI(100)HI(L00)

MPOUT IS -CALLED TO PRODUCE INMODE HATRIX.AND OM AND Vv VECTORS.
CALLL MPOUT(OM1,0M2,V14V24NUMsNVP,INMOOE OMsV,y THETK)

IFLAG = 1 INDICATES FIRST TIME THRCUGH WRITE PROCECURE
IFLAG = 1 .

INMOOE IS PRINTED IF NOPT IS POSITIVE
IF tNUPT.GE.0) GO TO 123
5 IFLAG =0
NGPER=0
NOPER IS THE NUMBER OF EXPANSION OFERATIONS PERFORMED IN THE PRESENT
SCAN OF Tnk MATRIX. THUS, NOPZR IS THE NUMBER OF SUSPICIOUS POINTS
FOUND IN THE PRESENT SCAN.

BEGIN SCANNING OF INTERIOR ELEMENTS OF INMODE IN UPPEZR LEFT CORNER
N=2
H=2
16 CALL SUSPCT(NsMsNVP,INMODE,ISUS)

POINT (N,M) IS SUSFICLOUS IF ISUS.NE.O
IF(ISUS.NE.O) GO TO 60
CHECK FOR END OF RCH .
20 IF (M.LTe(NOM=1)) GO TO 30
CHECK FOK LAST ROW ’
TF (NoLTe (NVP=1)) GO TO 490
GO TO 121
MOVE ONE GOLUMN TO RIGHi
30 M = M+i
GO TO 10
ADVANGE ONE ROW AND START AT COLUMN THO
40 N = N¢i .
M =2 .
GO TO 10

CHECK FOR MAXIMUM VALUE OF NVP

50 IF(NVP.LT.1J0) GO 70 62

61 FORMAT (244 NVF = 100 N =¢1348H M =413
ARITE (6+61) NoM
GO T0 20 .

62 IF(NOM LLT. 100G) GO YO 70

63 FORMAT(24HNOM = 100 N=413y 8H H=,13}

64 HRITE(6+63) NoM
GO 1o 2¢

70 IF(1oUS «NE. 1) GO TO 75
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S LIS Ay

R

c
4 C ADD ROW ADOVE SUSPICIOUS POINT ‘
L ¢ Ni=N-1
) c
S ] C ADD A COLUMN TO LEFT OF SUSPICIOUS POINT
T Mi=M-1
- . GO TO 100
o 1 . 75 1F(ISUS JNE., 2) GO TO 80
3 C ADD A COLUMN TO RIGHT OF SUSPICIOLS POINT
- M1=M
« c
A C ADD ROW ABOVE SUSFICIOUS POINT
T Ni=N-1
R ' GO TO 130
80 IF{ISUS .NE. 3) GO TQ 85
C .
C ADD A COLUMN TO RIGHT OF SUSPICIOUS POINT
Mi=M .
c .
1 C ADD ROW BELOW SUSFICIOUS POINT
Ni=N
GO TO 100
c
X C ADD ROW BELOW SUSPICIGUS POINT
85 Ni=N
c .
C ADD A COLUMN TO LEFT OF SUSPICIOUS POINT

HisM-1
100 CONTINUE
CALL LNGTHNCOMV,INMODE NOMyNVE ¢NVPP 4N 111 o THETK)
CALL WIDEN(OM,V,INMODE,NOK,NOMP sNVPP 4 M1 41 THETK)
NVP=NVPP :
NOM=NONP
NOPER=NOPER+1
GO TO 10
] 121 CONTINUE , '
. IFINOFER +GT. @ +ANDs NVP +LT. 100 .ANDs NOM «LTV. 100) GO TO §

D0 NOT PRINT INMODE IF NOPT IH NEGATIVE
IF(NOPT LT. 0) RETURN

o0 o0

LABELING
122 FORMAT (6HIVPHSE,6X+36HNOKMAL MODE ODISPERSION FUNGTION SIGN/)
123 WRITE (a,122)

D0 133 I=1,NVP

DO 128 J=1.NOM

J88=(J=1) *NVP+1
v JBY=INMODZ (JB8) -1

IF (439) 1264125,124

124 CONTINUE ) .

- C IF INMODE = 5+ DORN = 1HX
DATA Qi/1HX/
DORN(J) = Q1
GO0 10 t27
125 CONTINUE
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IF INMODE = 1, UORN = tHi¢
DATA Q2/1iH¢/
OORN(JY = Q2
60 10 127

126 CONTINUE

IF INMODE = -1, DORN = 1H-
DATA Q3/4H-/
DORN(J} = Q3

127 CONVINUE

128 CONTINUE

PRINT ROW I OF TABLE

WRITE (591303VEI)s IUORNCJIy J=1,NOM)

130 FORMAT(1H +Fd¢5+3X,100A1)
133 CONTINUE.

J1d = 10

00 150 J=1,NOM

NUMBER COLUMNS
150 KORN(J) = MOD(J+J10)

HRITE (64213) (KURN{J), J=1,NON)
213 FORMAT (bHGOMEGA,6X,100I1)

CONVERT THETK FROM RADIANS TO ODEGREES

X = THETK*184/2.14159
HRITE (Byl13) X

4313 FORMAT (1H +11X427HPHASE VELCCITY DIRECTION IS+F9.3,

i BHUEGREES )
HRITE (64513) .
513 FORMAT ( SHOUMEGA =)

LIST VALUES OF OMEGA WHICH CORRESPCND TO COLUMNS CF TABLE

HRITE (64613) (OM(I)I=1,NOM)
613 FORMAT 4 1H +5E14.5)

.

IF SUSPICIGN ELIMINATION HAS NOT BEEN PERFORMED, BEGIN IT AT THIS TIME

IF(IFLAG.EQ.1) GO T0 5
DCLVP=(V2~-V1)/ (NJ/P-1)
OMEGK=0M1
DELOM=(OM2=-0M1) /7 (NOM~1)
CO 9383 TAA=1,NCH
WRITE (64933) CMEGK

833 FORMAT (1H »3X,6HOMZGA=,E1445)
D0 977 JAA=1,NVP
VE=V1+{JAA-1)¥COLYVP
AKX=UMELGK/VE
AKY=0.0
CALL RKRR{OMEGK, AKXy AKYsRPP,KY)

WRITe (6+944) VEWRPP(1,1)+kPP(1,2)
Q44 FCRMAT (1H +C12e5+064X9E12¢593X0E1245)

977 CONTINUE
OMEGK=0OMEGK+DELOM
988 CCNTINUE
RETURN
END

e e
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